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8  little  work  has  been  written  specially  for  asBist- 
ants  in  eteel  works  laboratories  and  stndents  taking  up 
the  analytical  chemistry  of  iron  and  ateel  with  a  view  to 
becoming  steel  works  chemists.  The  great  object  kept 
in  view  by  the  author  has  been  to  produce  a  pracUeal 
Jbook:   he  has  therefore  avoided  compilation,  and  written 

im  personal  experience.  The  first  essential  in  any 
lytical  process  is  accuracy:  when  this  can  be  com- 

ined  with  rapidity^  well  and  good;  but  where  speed  is 

itained  at  the  expense  of  accuracy,  the  result  is  worse 
elesa,  it  is  misleading.    On  the  other  hand,  the 

ipalling  elaboration  with  which  the  authors  of  some 
text-books  proceed  to  separate  possible  or  impoBsibls 
traces  of  rarely  occairing  elements  from  those  invariably 
present,  often  defeats  its  own  object,  and  together  with 
lAj^reat  loss  of  time,  introduces  errors  far  greater  than 
tiiose  it  is  intended  to  avoid.  It  ia  to  be  regretted  that 
&6  writers  of  books  on  iron  and  steel  analysis  usually 
deem  it  necessary  to  describe  without  comment  every 
method — good,  bad,  and  indifferent — which  has  ever  been 
published,  thus  leaving  the  student  in  doubt  as  to  which 
is  really  the  best  prooesB  to  employ.    The  author  has 
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described   only   methods   which   he   has   proved    to   be 
reliable,  or  in  a  few  difficult  cases  approximate. 

The  scheme  of  the  book  will  be  found  to  be  aoinewhat 
new,  and,  it  ia  trusted,  convenient.  The  practical  opera- 
tions are  fully  described  in  their  proper  order  in  diBtincb 
paragapha.  Then  following  each  method  is  an  article 
setting  forth  the  theory  of  the  reactiona  involved.  It 
should  always  be  borne  in  mind,  that  even  when  using 
the  most  accurate  method,  a  conscientious  attention  to 
details  and  cleardiness  are  absolutely  necessary  to  ensure 
an  accurate  result,  whilst  dirty,  slovenly  analysis  is  sure 
to  go  wrong  and  be  detected  sooner  or  later.  Aa  a  guide 
to  students,  typical  analyses  of  the  materials  herein  dealt 
with  are  tabulated  at  the  end  of  the  book.  The  author 
cannot  too  strongly  urge  students  to  remember  the  fact 
that  a  steel  chemist  and  an  analytical  machine  who  turns 
out  so  many  estimations  per  day  are  two  very  different 
personalities.  Analysts  deficient  in  a  thorough  knowledge 
of  elementary  chemistry,  physics,  and  mathematics,  and 
the  principles  of  qualitative  analysis,  can  claim  to  rank 
only  with  skilled  artisans :  in  chemical  analysis  the  head 
and  the  hands  should  always  work  together.  For  this 
reason  the  theoretical  side  of  the  question  has  been  some- 
what fully  dealt  with;  this  many  may  regard  as  un- 
necessary, because  students  before  taking  up  quantitative 
work  are  expected,  as  the  result  of  a  previous  course  of 
pure  chemistry,  to  know  all  about  the  ordinary  reactions 
of  the  metals.  lu  this  matter  the  author's  experience  of 
a  large  number  of  such  students  has  led  him  to  expect 
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thing,  and  lie  haa  seldom  been  disappointed.  Even 
with  atudenta  really  well  grounded  in  pure  chemistry,  the 
possession  of  knowledge  and  the  ability  to  apply  it  aro 
two  widely  different  things;  also  it  should  be  remembered, 
that  many  of  the  separations  of  the  metala  described  in 
text-books  on  qualitative  analysis  are  exceedingly  crude, 
and  quite  unfitted  for  accurate  quantitative  work.  The 
author,  it  will  be  noticed,  has  mixed  English  and  metric 
weights  and  moasures,  thuB  sacrificing  scientific  consist' 
ency  on  the  altar  of  convenience.  It  is  to  be  hoped,  how- 
ever, that  before  long  the  first-named  system  will  be 
relegated  to  its  proper  place  amongst  the  curiosities  in 
the  British  Museum.  It  will  be  found  that  the  anlhor 
has  sometimes  criticized  the  errors  of  others,  but  he  is 
tfivertheless  aware  that  a  scientific  book  without  mistakes 
ronld  constitute  something  new  under  the  sun,  and  he 
1  regard  as  a  favour  the  correction  of  any  inaccurate 
tfttementa  contained  herein.  The  author  is  indebted  to 
in  demonstrators,  Mr.  J.  Jefferson  and  Mr.  F.  K.  Knowles, 
r  checking  the  accuracy  of  the  calculations  exemplified, 
the  strengths  of  the  various  volumetric  solutions 
Ksified. 

J.  0.  A. 
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The  second  edition  of  this  book  does  not  differ  from 
the  first,  except  that  mistakes  or  misprints  in  formulae, 
etc.,  have  been  rectified.  The  author  has  to  acknowledge 
in  this  matter  the  assistance  of  Mr.  F.  Ibbotson,  B.Sc. 


J.  O.  A. 


Sheffikld  Universitt  Colleob, 
October,  1899. 
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Tbe  twelve  years  irhich  have  elapam)  aiuuA  llto  IMM 
of  the  Srst  edition  of  this  book,  havu  Xwt^U  liMrkuil  li/ 
phenomenal  mivMocea  in  the  pietalluri^y  of  uUttA-  'I'htt 
Addition  to  the  list  of  ateel-making  (iIhiiikiiU  lit  inidytc 
pdenntn,  titsniam,  vanadiam,  and  ovou  tntitoliiiiii  Uni  tuf 
esteei  an&ljst  complicated  aualrMuljr  (umifiln*  |ir)i|f|»tl(i, 
UtboQgh  the  general  Bcbomo  of  the  wfrrk  rtnm>H»  Uh' 
altered,  nevertheless  in  the  Third  FrflllixN  II  Uim  llHWf 
nataratlf  necessary  to  doloto  ott«ftlftt«  ii\iMHM'iH»,  Ui  Ul 
elude  new  and  rapid  method*,  and  Ut  itM^nhn  }inftrOfll 
ments  in  processed  formerly  of  only  mtAm»U'  mj.HflUiM, 
The  section  on  gas  analyiia  ha*  \t*im  r<*v)«*'l  •t-^  ht-rugui 
Dp  to  date,  and  in  tfaia  eoaa^etif^t  ■■  ■     Ut 

tender  their  thanks  to  tiuir  mitmfC'  t'fr 

Tbe  latest  and  mo«tM«anl«  jimh».  >  '  44 f 

of  fuels  is  folly  dt-wTifatd,  aa4  in  M*  m«4m  .i*,.  v*^//^! 
have  to  thank  their  colle«f[iw  Mr,  f,  H    Ha^^WU^ 

A  new  fcatore  of  the  book  w0l  tf»  p^^^t  >*  M*  amAv 
^ndOn  of  methods  for  tbe  aoalyn*  of  )Ma#tak«  WMlliif/  ^,j 
^Btowsea,  bronzes,  and  white  uctala. 

^H    For  cTQcible  steel  chemista  the  Mlkw  k»*#  4yMM# 
^brief  bat,  it  is  hoped,  lucid  spedal  rihi^if  i.ii  •!,«< 
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of  high-speed  steels.  The  authors  will  welcome  corre- 
spondence calling  attention  to  misprints  in  formulse  or  to 
points  of  dubious  accuracy  in  the  text. 

J.  O.  A. 

F.  I. 
The  University,  Sheffield, 
1907. 
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THE  STEEL  WORKS  LABORATORY  AND  ITS 

APPLIANCES 

As  the  authors  have  npon  seyeral  occasions  been  re- 
quested to  advise  on  the  installation  of  a  works  laboratory, 
they  have  deemed  it  advisable  to  devote  a  brief  article 
to  the  consideration  of  this  subject.  It  will  be  assumed 
that  the  services  of  one  analyst  and  a  laboratory  boy  will 
be  employed. 

The  Laboratory. 

This  should  include  two  rooms,  divided  by  a  passage 
f5  ft.  wide,  namely,  a  small  room,  say  10  ft.  sq.  for  the 
•balance,  and  a  larger  room,  say  20  ft.  by  10  ft.  for  the 
laboratory  itself.  These  rooms  should  be  lofty,  say  15  ft. 
.high,  and  as  far  away  as  possible  from  steam-hammers, 
so  as  to  avoid  the  effect  of  vibration  on  the  balance.  A 
ceiling  sheathed  with  wood  is  desirable  in  the  larger 
room;  the  possible  falling  .hf  pieces  of  whitewash  or 
plaster  loosened  by  the  action^of  acids  is  thus  prevented. 
The  benches  should  be  of  thoroughly  seasoned  non- 
resinous  wood  and  stoutly  built.  That  on  which  the 
balance  is  placed  must  be  very  rigid.  The  supply-tube  for 

B 


gat;  tiliould  be  2  in. 
in  dianiGtor,  and  the 
earthenware  sink 
should  be  supplied 
with  a  tap  connected 
with  a  good  head  of 
water  if  a  filter-pump 
19  to  be  used.  To  the 
main  gas-pipe  should 
bo  itttachod  at  leaat 
»ix  Bunsi'n  bi-anchea 
for  .',  in.  rubber  tub- 
i  ug ;  iho  taps  for  theao 
branches  are  mostcon- 
venient  when  placed 
under  the  bench, 
within  easj  reach  of 
IliL!  hand.  A  draught 
cujiboard  of  glass  or 
white  tiles  is  very  de- 
airablc  to  carry  off  the 
more  irritating  fumes. 
In  this  must  bo  at 
least  two  branches  and 
taps  for  llunsens;  also 
a  large,  ordinary  jot 
at  the  top  of  the 
cupboard  to  create  a 
draught  at  the  exit, — 
tho  latter  should  bo  of 
earthenware  piping. 
Tho  lower  halves  of 
the     cupboard      front 
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^^ul(^  slide  in  grooves,  and  be  fastened  in  any  desired 
lition  by  means  of  strong  wooden  pegs  placed  in  holes 
the  fnimework.  Hinges  or  cords  should  not  be  used, 
as  they  are  Boon  corroded  by  the  action  of  acids.  Both 
rooms  vriti  require  numcrouB  convenient  shelresj  drawers, 
and  cupboards.     A  suggestive  sketch  of  a  plan  of  the 

Kboratory  thus  briefly  described  will  be  seen  in  Fig.  I. 
be  ventilation  may  be  effected  preferably  through  louvres 
I  the  ridge  of  the  roof,  or  by  moans  of  swinging  upper 
windows.  Hot-water  pipes  or  gas  fires  are  best  for  heat- 
ing the  rooiua,  because  they  create  no  dust.  In  the 
passage,  which  much  assists  in  isolating  the  balance  from 
the  fumes  of  the  laboratory,  should  bo  a  thick  iron  plate 
well  supported  by  brick-work,  and  recessed  for  the  re- 
ception of  the  steel  mortar  used  for  crushing  hard  alloys 
I  capable  of  being  drilled. 


A  nalyticcd  Apptiances, 


The  balance. — Of  these  the  balance  is  the  most  im- 
portant item.  In  purcfaasiDg  this  it  is  true  economy  to 
buy  a  somewhat  expensive  instrument,  that  is  to  say,  one 
provided  throughout  with  agate  or  rock-crystal  planes 
knife  edges.  When  the  latter  are  in  ateol,  they  are 
sooner  or  later  to  corrode,  and  seriously  impair  the 

isitiveness  of  the  instrument.  A  sine  qua  non  for  steel 
works  where  analyses  must  bo  turned  out  quickly,  is  a 
rapid,  short-beam  balance;  tho  length  of  beam  should 
not  exceed  8  inches.  The  supporting  wires  to  which  the 
pans  arc  attached  should  be  parallel,  and  sufficiently  far 
apart  to  readily  admit  of  the  weighing  of  potash  huiba, 
etc.     The  pointer   should  be   sensitivo  to    loloo  "''* 
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gramme.  For  steol  works  use  the  authors  liave  Tound 
8-iii.  beam  balance,  with  round  pans,  made  by  Oertlii 
a  sound  and  reliable  instrument  at  a  moderate  price. 
For  uao  with  this  a  set  of  weights  from  50  grammes 
downnarde  will  be  found  convenient.  The  interior  of  the 
balance-caso  should  always  be  kept  dry  by  tho  presence 
of  aeveral  little  pots  of  strong  commercial  sulphuric  acid. 
Those,  however,  should  be  only  half  full)  and  require 
watching,  otherwise  the  absorbed  moisture  will  fill  up  the 
pot  and  run  over.  In  fact,  it  is  advisable  to  wash  out  and 
dry  the  jurs  and  replenish  them  with  strong  acid  about 
once  a  month. 

Weighings  should  never  be  made  directly  on  the 
balance-pan,  but  on  a  sufficiently  large  and  conveniently 
bent  Blip  of  aluminium  foil ;  the  latter  is  carefully  counter- 
poised on  the  other  pan  by  means  of  a  little  piece  of 
lead. 

The  analytical  balance  should  never  bo  employed  for 
weighing  out  largo  quantities  of  re-ageuta:  a  com- 
paratively conrao  pair  of  scales  should  be  used  for  such 
purposes. 

The  gas -mu^e  furnace, — One  of  these  is  almost  indis- 
pensable to  accurate  working.  It  should  be  fitted  with  a 
"salamander"  muffle,  which,  though  somewhat  e.xpenaivo 
BO  far  as  first  coat  is  concerned,  is  really  an  economy,  aa 
it  lasts  out  two  or  throo  ordinary  clay  muiBes.  When 
lighting  the  furnace,  withdraw  the  muffle,  throw  a  burn- 
ing wax-match  on  tho  iron  burners,  turn  on  the  gas,  and 
replace  the  muffle. 

Heaiiiig  platfis. — These  are  of  cast-iron  J  in.  in  thick- 
ness; four  of  them  will  be  found  convenient,  namely,  two 
12"xI2",one  12"x24"  (for  the  draught  cupboard),  and 
K  9"  (for  the  carbon  bath] .    The  plates  are  aop^ 


3Dp^ 
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irted  on  qnadrnpoda,  and  heated  b;  Bunsen  burners 
placed  nndoraeath  them. 

Bunsen  burners. — The  small  tabes  at  the  bottom  of 
those  lamps  require  removing  in  order  to  get  a  flame  of 
large  volume,  which  spreads  over  a  considerable  area  in 
the  midiile  of  the  heating- plate.  In  order  to  obtain  the 
maximum  heat,  the  plates  usually  require  lowering  well 
into  the  Bunsen  flame  by  cutting  shorter  the  legs  of  the 
qnadrupod. 

Water  halh. — This  consists  of  a  somewhat  deep  cast- 
iron  vessel  enamelled  inside,  and  provided  with  a  series 
of  copper  ringa,  which  support  evaporating  dishes  of 
various  sizes  over  the  boiling  water. 

Air  bath. — This  ia  of  copper,  and  the  supply  of  gas  to 
the  small  Bunsen  burner  by  which  it  ia  heated  is  adjusted 
by  means  of  a  Reichardt's  mercury  regulator,  so  that  the 
temperature  of  the  shelf  is  always  about  11)0°  C.  By  a 
little  preliminary  attention  to  the  screw  and  thermometer 
till  the  right  position  is  obtained,  a  steady  temperature 
ranging  not  more  than  one  degree  on  either  side  of  100 
is  readily  ensured. 

Ibot  hioW'jnpe. — This  is  useful  for  fusions  requiring  a 
high  temperature,  such  as  are  necessary  in  the  analysis 
of  fire-bricka,  etc. 

Filter  pump. — Where  a  good  head  of  water  ia  avail- 
able, one  of  the  very  cheap  but  effective  glass  pumps  now 
obtainable  ia  often  useful.  It  requires  fitting  over  the 
sink  into  which  the  waste-pipe  runs.  The  eshausting 
tube  may  be  led  round  to  the  bench,  where  it  is  attached 
to  the  side  tube  of  a  strong,  conical  filter  vessel.  The 
india-rubber  stopper  of  the  latter  carries  a  plain  2^  in. 
funnel,  in  the  apes  of  which  must  be  placed  a  perforated 
platinum  cone. 
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Tho  foregoing  apparatus  requires  to  be  ased 
judgmflot;  many  precipitates  filter  so  rapidly  as  to  render  ] 
iU  omployinont  unnecessary.  For  finely-divided  prfr-  < 
ofpitatna  Huch  as  BaSOt  and  WO^  it  shoold  ncTer  be  used. 
Hilt  in  tho  caso  of  alimyj  slow-filtering  precipitates,  aooll 
an  that  obtained  from  amniDiiium  acetate  in  the  combined 
[riolybdatD  and  magnesia  process  for  estimating  phofr*  | 
pli'>ruM,  tho  pump  in  of  groat  value  in  saving  time. 

fiankt.—Por  most  purposes,  tho  ordinary,  nearly 
globular  flaak  servos  very  well,  but  for  pre- 
cipitation purposes  a  vessel  designed  by 
Mr.  J.  Taylor,  and  known  as  the  registered 
IhiNk,  is  must  suitable.  In  form  it  is  a  cone 
with  a  radiuBod  bottoui,  so  that  every  part 
of  tho  vhsspI  can  be  reached  by  the  "police- 
uiiin"  Hsoil  for  detaching  adhering  pre- 
cipitate from  the  sides.  Watch-glasses  serve 
well  for  flask  covers, 

Itrakivs. — These  are  convenient  in  two 

ili'signa,  namely,  the  lipped  conical  beaker 

(uncil  ohioSy  for  the  reception  of  useless  fil- 

V'\u.  u         trntoN},  and  the  wide  form  with  spent.    (7n 

Ihf  Mioif^'tig  pages,  trhen  the  tenn  beaker  it 

Html,  unlr^r  cthfnngi^  tiirrifiv.!,  the  latter  form  is  referred 

to.)   CVnottvi*  oloek-glossos,  rather  larger  in  diameter  than 

l)iD  Toviel  iUwIf,  form  the  handiest  covers  for  beakers. 

l\i»Hfl». — Tbtw,^  are,  aa  a  rule,  beat  ribbed,  but  for 
Biwly-diyidwl  pre«^ipitate9,  such  as  BaSO,,  a  plain  funnel 
in  tMkftwI.  It  in  aW)  M'int'timc-s  advisable  in  sitcb  cases  to 
cut  vft  llip  altHii  of  Ihe  flannel  about  half  an  incb  from  the 
*ffKi  thin  <»f  CMwr«»  rondcra  tbo  filtnttoa  slower,  whiUt 
«t  U>o(<i^  gt«i«  iNb«>  altachcd  to  Uie  Bton  by  iBdi»-nibber 
Uituvc  (Fitf.  'i)  ccmaidecmbtx  iaercMM  the  iste  of  flow. 
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It  13  important;  that  all  fusnols  should  have  the  correct 
angle,  namely  60°,  so  that  tho  circular  filter-papers  will 
fit  perfectly. 

Funnel  hangers. — These  useful  little  articles  may  be 
bent  out  of  thin  glass  rods ;  they  are  made  as  followa:  six 
inches  of  J|-'  diameter  glass  rod  is  heated  in  the  middle, 
and  bent  with  a  i-adius  of  §"  to  an  angle  of  180°,  Each 
limb  of  the  hanger  is  then  heated  two  inches  from  the 
end,  and  bent  sharply  to  an  angle  of  105° :  tho  hanger  is 
placed  on  tho  edge  of  the  beaker 
with  the  radius  inside,  and  in  this 
the  funnel  is  supported  (Fig.  3), 

Filter- driers. — These  consist  of 
Blaiaed  earthenware  cylinders  ^" 
Kiick,  2"  high,  by  1|"  inside  dia- 
meter. Filters  containing  the 
washed  precipitate  are  removed 
from  tho  funnel,  and  placed  in  tho 

^■Srier  on  the  hot  plate  to  dry  before 

^^Knition.    The  cylinders  also  serve 

^^K  support  the  covers,  placed  con- 

^^Bave  side  downward,  of  beakers,  the  contents  of  which 

^^fce  evaporating  on  the  plate. 

^^F  Desiccators. — These  should  have  the  ground  surfaces 
slightly  greased  to  render  them  air-tight.  In  the  bottoms 
layers  of  pumice  stone  in  rough  pieces  about  |  in.  square 
are  half-covered  with  strong  sulphuric  acid.  Crucibles 
placed  in  the  vessels  to  cool  are  best  supported  in  a  well- 
fitted  pipe-stem  triangle. 

Wash-bottles.- — For  general  use  a  lO-oz.  flask  with  a 
jet  of  medium  fineness  will  be  found  most  convenient. 
In  addition  to  two  such  large  flasks  (one  for  hot  and  the 
other  for  cold  water)  it  is  also  advisable  to  fit  up  two  or 


B  STEEL   WORKS  ANALYSIS 

three  12-oz.  fiaske  for  special  washing  liqoids,  e.g.  2^ 
nitiic  acid.  One  or  two  straight-shooting  jets  of  fine  hoti 
should  be  made  and  treasured  like  old  gold;  they  g 
invaluable  for  washing  precipitates,  such  as  the  yellow 
phoaphorua  compound,  oiT  the  filter-paper,  and  also  for 
washing  small  and  possibly  slightly  soluble  precipitates, 
for  which  only  such  a  volume  of  washing  liquid  aa  is 
absolutely  necessary  should  be  used. 

Filter-papers. — For  collecting  precipitates  to  be 
weighed  ashless  papers  (which  have  been  WEished  free 
from  iron  with  HCJ,  and  from  silica  with  EF)  should 
be  used.  They  may  be  purchased  in  packets  of  three  con- 
venient sizes,  namely,  90  mm.,  110  mm.,  and  125  mm. 
diameter,  correspondiug  respectively  to  2  ,  2|  ,  and  3 
funnels.  The  smaller  size  should  also  be  obtained  in  two 
degrees  of  rapidity;  the  slow,  close-grained  filter  being 
used  for  finely-divided  precipitates  like  BaSO^.  For 
ordinary  purposes  the  cheaper  thick  white  German  paper 
sold  in  sheets  should  be  employed,  and  cut  to  size  as 
required.  For  use  in  estimating  manganese,  circles  9|" 
diameter  are  requisite,  which  may  bo  cut  out  by  folding 
pieces  of  paper  about  10"  sq.  into  four,  and  then  cutting 
oat  the  circle  round  a  brass  quadrant  of  4^"  radius  and 
•^g"  thick.  For  collecting  precipitates  which  have  to  be 
washed  off  the  paper,  90  mm,  diameter  circles  of  hardened 
pu'chment-like  surface  will  be  found  very  convenient. 
Quick-filtering  papers  of  this  description  can  now  be 
purchased  in  packet's. 

PiUraiion  through  ashlcsg paper  fvlp. — The  clippings 
left  after  the  circular  discs  of  ashless  filter  paper  have 
been  cut  out  can  now  bo  purchased  at  a  comparatively 
small  cost,  and  provide,  when  reduced  to  pulp,  an  adiriir- 
able  filtering  medium.   They  are  torn  into  slireds,  placed 
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in  n  wide- mouthed  glass  bottle,  and  redaced  to  a  fioe  pulp 
by  shaking  vigorously  with  distilled  water  for  five 
minutoa.    The  filtration  is  condacted  as  follows: 

A  smooth  funnel  is  fitted  with  n  perforated  porcelain 
filter  plate,  tho  holes  in  which  are  not  too  fine,  and  after 
olosing  the  end  of  the  fannel  stem  (cut  off  straight)  with 
the  thumb,  sufficient  water  is  poured  into  the  funnel  to 
fill  the  stem  and  just  cover  the  filter  plate,  care  being 
taken  that  uo  air  bubble  ia  trapped  beneath  the  plate. 
Pulp  is  then  poured  on  to  yield  a  filtering  medium  about 
oQo-cighth  of  an  inch  in  thickness,  tho  plate  adjusted  to 
horiKontality,  if  neccasary,  by  means  of  a  glass  rod,  and 
after  allowing  to  drain,  the  circumference  of  tho  upper 
surface  uf  the  pulp  is  tucked  in  by  moans  of  a  pointed 
glass  rod  or  a  pair  of  forceps.  The  filtration  and  washing 
of  a  precipitate  are  then  curried  out  as  usual.  The  funnel 
is  then  inserted  in  the  cork  of  any  ordinary  suction  tlask 
or  bottle,  and  thecolnnin  of  liquid  which  remains  in  the 
atom  removed  from  it  by  mouth  suction,  the  precipitate 
being  thereby  partially  dried. 

In  transferring  the  precipitate  to  the  crucible  for  igni- 
tion tho  edge  of  the  filler  is  lifted  at  any  point  by  meana 
of  the  forceps,  the  filter  then  removed  by  grasping  ita 
nnder  sarface,  and  placed,  upper  surface  downwards,  in 
fte  ignition  crucible.  The  plate  is  then  removed  and  is 
pTariably  Found  to  be  free  from  adhering  precipitate, 

I  it  only  remains  to  detach  the  particles  adhering  to 
iia  sides  of  the  funnel  and  place  them  with  the  main  bulk 
1  the  pulp.  To  this  end,  the  funnel  is  grasped  in  the 
left  hand  with  the  stem  horizontal  and  its  end  directed 
towards  the  palm;  a  small  piece  of  wotted  ashless  paper, 
roughly  triangular  in  shape,  is  inserted  with  an  apex  of 

I  triangle  in    the  throat   of  the   funnel,  aud   whilst 
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presBiDg  it  tightly  againat  the  sides,  a  alow  rotary  ulovs- 
ment  ia  imparted  to  the  funnel  by  preBaing  the  rim  with 
the  thumb  of  the  left  hand.  At  the  same  time  the  paper 
is  gradually  brought  outwards  towards  the  rim  of  the 
funnelj  and  thns  completely  brings  away  with  it  all 
adhering  particles.  If  necessary,  a  second  small  piece  of 
paper  can  be  used  for  removing  any  traces  left  behind  by 
uu.skilful  manipulation  of  the  first,  and  for  detaching  any 
tiny  particles  adhering  to  the  ends  of  the  forcepa.  After; 
drying  the  whole  on  the  hot  plate,  or  at  the  month  of 
the  mnfflo,  the  precipitate  is  ignited  as  usual. 

When  it  ia  desirable  to  weigh  a  precipitate  directly 
on  the  balance  pan,  thereby  dispensing  with  the  necessity 
of  weighing  the  crucible,  a  piece  of  dry  ashless  paper  is 
placed  in  the  bottom  of  the  latter,  and  upon  this  the 
filter  is  placed  when  it  is  removed  from  the  funnel. 
After  ignition  the  precipitate  can  almost  invariably  be 
bruHhed  completely  out  of  the  crucible. 

For  all  precipitates  of  the  granalar  or  cryatalline  type, 
this  form  of  filtration  ia  very  rapid,  and  it  is  obvious  that 
tho  washing  is  thorough.  Precipitates  like  tungstic  oxide 
and  bftrinm  sulphate  demand  a  greater  thickness  of  pulp, 
and  pulp  filtration  is  altogether  unsuitable,  except  under 
powerful  suction,  for  slimy  procipitutos  like  aluminium 
hydrate  or  zinc  sulphide. 

It  would  appear  from  the  above  description  that  con- 
siderably more  paper  ia  used  than  in  ordinary  fittrations. 
As  a  matter  of  fact,  when  tho  operator  haa  attained 
Sttflicicnt  skill  in  removing  the  adhering  particles  from  the 
sides  of  the  funnel,  be  will  find  that  the  total  consamp- 
tioD  of  paper  is  no  greater  and  that  no  allowanco  is 
neoeaaitfy  for  ash. 
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COST  OF  APPARATUS. 


The  cost  of  equipping  a  laboratory  with  the  necessary 
apparatus  is  estimated  by  the  authors  at  about  sovouty 
pouuils. 


CLASSIFICATION  OF  STEEL  WORKS 
ANALYSIS. 


Ik  STEEL  works  analyst  may  be  called  upon  to  report  npoi 
die  following  matorials: 


4.  Spiegel  and  fcrro-mangnneHe. 

5.  Ferra-chrome. 

6.  Ferro-BilicoD. 

7.  Fcrro-alummium  and  aluminium  metal. 

8.  Ferro-titugaten  and  tungsten  metot. 

9.  Ferro'iiickcl  anil  metallic  nickel. 

10.  FeiTo-molybdcuiim  and  molybileniin)  metal. 

11.  FeiTo •vanadium, 

12.  Ferro-tilanium. 
18.  Ferra- tantalum. 

SECTION    II. 
Orks. 

U.  Iron  ores, 

15.  Manganese  oreR. 

16.  airomc  iron  ore  (Cliromite). 

17.  Tungsten  ureii  (Wolfram  and  Scheelite). 
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SECTION   III. 
Refractory  Materials. 

18.  Acid  fiirnace  linings— 

(a)  Ganister,  silica  bricks  and  sand. 

(b)  Ordinary  fire-bricks  and  clays. 

19.  Basic  furnace  linings — 
(a)  Bauxite  and  Cliromite. 
(6)  Lime  and  magnesia  bricks. 

(c)  Dolomitic  limestones. 

SECTION   IV. 

Fuels. 

20.  Coal  and  coke. 

21.  Producer  gases. 

SECTION    V. 

Sundries. 

22.  Slags. 

23.  Boiler  water. 

24.  Brass,  bronze  and  white  metals. 


SECTION  I.     METALS. 

ANALVSIS  OP  8TBEL  AND  WBOUOHT  tBOM. 

B  fur  &s  chemical  coQBtitutioD  is  concorned,  these  two 
■ducts  are  not  Boparated  by  any  well-defined  line  of 
rwvisioD,  so  that  the  same  sericB  of  analytieal  operations 
serve  as  a  rule  for  both ;  but  it  must  bo  ri'membered  that 
a  distinction  exists  between  the  two  in  the  fact  that  Btcol 
(except  puddlctl,  shoar,  and  blistei'  steels)  has  always 
^eon  submitted  to  coinploto  fusion  and  is  thus  practically 
free  from  involved  slag.  Wrought  iron,  puddled,  blister, 
tad  shear  steels  have,  however,  never  got  beyond  a  pasty 
»te  of  semi-fusion,  and  have  in  consequence  more  or 
MS  slag  mechanically  mixed  with  their  structore.' 

Steel  always  contains  more  or  loss  of  the  following 
dements  in  addition  to  iron:  carbon,  silicon,  mangACMO, 
nlphur,  and  phosphorus;  tho  determination  of  tboBO 
{dements  constitutes  an  ordiuury  complete)  analyais.  Bo- 
ides  these  constituents,  tliero  may  bo  preaent  by  dongn 
'  accident  the  following;  tuDg»t«n,  i^hrnniium,  alu- 
BJnium,  nickel,  copper,  urwnic,  wiolyl/drtiium,  vftiuKliom, 
iQtalnm,  and  titanium. 
In  addition  to  those  eIoiiieDt«,tt«ol  c^tuUiu  tfao  gaaeoiu 

'  No  stttiaftctorj  method  bu  st  prw«>l  t**""  '"""d  f«  Kcimttay 
sparate  Ihe  comtituents  of  the  •!««  'ro«  Ou>n»  idstuMj  kUoy«d  wdh 
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bodioa  hydrogen '  iind  nitrogen,  and  somotimes  oxygen: 
the  last  probably  oxiata  aa  dissolved  ferrous  oside;  it  ia 
not  definitely  known  whether  the  two  first-named  gases  ( 
are  combined  with  or  merely  occlndod  in  the  iron. 

For  the  determination  of  hydrogen  and  oxygen  reliable 
and  aatisfactory  methods  have  yet  to  bo  found,'  Professor 
Ledebur  has  made  some  determinations  of  oxygen  a 
water  by  heating  steel  drillings  to  redness  for  several 
hours  in  a  current  of  pure  dry  hydrogen,  and  one  of  the 
authors  has  attempted  to  estimate  the  hydrogen  as  water 
by  combusting  the  steel  in  drillings  in  pure  oxygen; 
but  owing  to  the  elaborate  precautions  necessary,  buth 
methods  are  tedious,  and  the  results  at  best  of  dubious 
value. 

Mr.  A.  H.  Allen  has  devised  a  method  for  the  de- 
termination of  the  nitrogen  present  in  ateel  as  ammonia 
by  means  of  the  Nesslor  test/'  but  unfortunately,  as  far  as 
ia  known,  the  detemiination  of  the  minute  percentage  of 
this  gas  present  is  of  small  importance  from  a  practical 


'  See  iiiiporlanl  resenrcli  by  Mr.  J.  Pruvy,  "  Journal  of  Irou  and 
Stcd  Inst.,"  IflSI,  Part  I.  p.  169;  uid  experimeut  hy  Arnold, 
"  I'riw ceding*  ol'Iiisl.  MceliBiiicftl  Engineers,"  April,  1893^  p.  158, 

*  Mr.  J.  Parry  btin  prupoxed  a  method  for  tiie  eBtimation  of  the 
oxygen  ivbieli  he  nllugettt^jcxisr.  in  ^steel  as  Fr^Oy  The  [irocexs  con- 
Biati  in  diBiiolving  the  steel  at  a  gentle  lieab  In  a  iiutiirated  solution  of 
bichroniBlo  of  potash,  containing  one-BixtL  its  volume  of  strong  snl- 
pburic  Rcid.  The  residne  is  filtered  off,  washed  with  water,  then  w' 
potash  solution  to  remove  silica,  and  finally  with  water.  It  is  dried 
ignited,  and  weighed,  the  result  being  calculated  tci  Fr,0^. 

By  this  method  it  is  possible  in  annealed  high  cwbon  steel  t 
1%  of  oxiile  of  iron  lehm  that  compound  m  not  prcienl,     Tlie  residiiBi| 
consists  not  of  Pr,0,,  but  of  suuic  undecomposed  carbide  of  iron  (of 
which  in  tool  xtvel  about  IS'I„  exists),  from  which  on  ignition  t' 
carbon  Imrna  off,  leaving  the  iron  as  Fe^O,. 

*  "Chemicttl  News,"  toI.  xli,  p.  231, 


'  point  of  viGW.'  The  atoel  chomiab  should  not,  however, 
ignore  the  ^mallsBt  fact  cunnected  with  the  study  of  the 
marvellously  complex  material  he  is  called  upon  to  ex- 
amine. Of  all  the  elements  connected  with  steel,  carbon 
is  by  far  the  most  important:  as  the  blood  ia  the  life,  bo 
is  the  carbon  the  steel.  This  element  may  exist  in  iron 
in  at  least  three  forma — (a)  grapliita,  or  scales  of  free 
carbon  moohanically  mixed  up  with  the  structure  of  the 
metal.  This  form  separates  in  steel  high  in  carbon  under 
certain  abnormal  conditions  of  rolling  or  annealing. 
{/')  Combined  carbon  exists  as  a  carbide  of  iron,  which 
the  rcBoarohoa  of  Abel "  and  Miiller  '  indicate  to  possess 
the  formula  i'e-.,C  or  approximately  it  contains  03-3%  of 
iron  and  Q'T%  of  carbon.  Generally  speaking,  the  cai-bon 
in  normal  steels  exists  almost  entirely  as  this  modiiica^ 
tioD,  chiefly  in  the  form  of  metallic  scales.  Sometimes, 
however,  it  is  more  or  less  diffused  in  a  fine  state  of 
division,  (c)  Hardening  carbon.  This  is  found  in  hard- 
ened steel.  When  such  steel  ia  polished,  and  treated  with 
very  dilute  nitric  acid,  it  is  seen  as  a  dark  velvety  powder 
upon  the  surface  of  the  metal.  It  is  probably  more 
loosely  aaaociated  with  the  iron  than  the  combined  {or 
cement)  carbon,  and  is  possibly  merely  a  solution  of 
carbon  in  iron.  {Since  writing  the  above  a  systematic  re- 
search by  J,  O.  Arnold  and  A.  A.  Read,  published  in  the 
"  Journal  of  the  Chemical  Society  "  for  August  1 891,  Ims 
amplified  and  somewhat  modified  the  above  statements.) 

*  Stm  Appetiilix  I'tir  (ItUTmiontion  of  iiUrogeu. 
"Proceedings  of  the  Institute  of  Uecbniiicol  Bngiiicere,"  1883. 
"  Sloia  und  Eiieii,"  No.  i. 
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Thk  Deteehinatiok  op  total  Carbon  by  Combobtios. 

This  prooese  gives  the  total  carbon  present  irreBpeotire 
of  its  fonn  of  existence. 

Tho  determination  of  carbon  bj  oombuation  is  the 
moMt  important  operation  the  steel  cLemiat  haa  to  under- 
take, becauao  upon  its  accuracy  depends  the  value  of 
tho  indiNponsable  and  rapidly  made  colour  teats  to  bi 
dencribed  Inter  on,  It  may  be  carried  out  either  witih 
or  without  the  separation  of  the  carbon  from  the  iron. 


Sbpaeation  of  thk  Carbon. 

The  liberation  of  tho  carbon  from  the  atoel  may  be 
affected  in  three  ways :  (a)  by  the  action  of  weak 
hydrochloric  acid  and  a  galvanic  current  od  a  small  bar 
of  tlie  atoel  (BinltB  and  Weyl)  ;  {b)  by  tho  action  of 
gaseous  chlorine  on  steel  drillings  at  a  low  red  heat 
(Wohler)  j  (c)  by  tho  action  on  steel  drillings  of  a  solu- 
tion of  cupric  chloride  or  sulphate.  The  combustion  of 
the  impure  residue,  consiHting  chiefly  of  carbon,  may  be 
otTected,  first,  by  dry  oombuation  at  a  red  heat  with 
oxygen;  secondly,  by  moist  combustion  at  a  compara- 
tively low  temperature  with  sulphuric  and  chromic  acids 
(Ulgien). 

Those  throe  methods  wero  made  Iho  subject  of  a  long 
research  by  ono  of  the  authors  on  a  specially  prepared 
standard  stool,  and  the  results  yielded  by  all  three, 
togolhor  with  a  dotailed  account  of  (c),  are  appended. 


Preparation  of  the  Standard  Steel. 

In  order  to  obtain  for  the  experiraenta  an  ample 
(npply  of  homogeneoua  material,  an  acid  Boaaemer  ingot 
square  waa  aelected,  and  hammered  down  to 
blooiDS  6  in,  aquare;  the  centre  bloom  waa  then  taken 
and  rolled  into  a  billet  3  in.  square.  From  the  euntro  of 
this  billet  a  bar  2  ft.  long  by  2  in.  square  was  planed. 
From  this  bar,  in  the  different  parts  of  which  no  variation 
of  carbon  could  be  detected  by  the  colour  teat,  all  th« 
bars  and  drillinga  used  in  the  reaearch  were  taken. 

R  may  here  he  remarked,  once  and  for  all,  tkal  all 
yplee  of  steel  or  iron  usail  far  analyih  ahovlil  ejmtiMtof 
ritlings  or  turnings  ohtmned  with  a  dry  tool,  the  *ue  of 
I  or  water  being  strietly  prohihiUd,  also  XAoi  atuUjfsss 
v}t  on  filingg  are  of  very  little  valtu,  btatuMt  Ut^  tw^/iU 
t  certain  to  be  mare  or  less  eonlaminaUd  viih  fr4if$HMit» 
fthepe  teeth. 


LHieratio7i  of  tfu-  Carbon  Ay  EteOrd^tU, 

The  flteel,  in  the  fonn  trf"  •  bir  J  ia,  t^MM  aai  t  im. 
ras  made  the  uwde  of  M  Jurtwrf/lfa  «ii«  akmt%. 
one-third  of  it  beinig'  ouBarwd  a»  ''■JSMIf  4lhNiJ  lifln^ 
cbloHcacid.  A  poroH  Mfl  MBtlAMii  *•  «i<iM4*,  «Milll 
consiatedof  »«lM««flfptiribMi  ML.    Ac 


single  Bonsen  «l«iBeaC  wms  ^mmsJ  im  AgliM*  hismn,  ^ 
the  end  of  which  ifae  bar  m 
and  dried.    The  lorn  of  wei^rt  » 
of  ateel  n.wd.    The  carbonaceoo*  i 
collected,  dried  and  burnt  in  a  cuiii«i  *f  f 
!he  reaolta  are  api 
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Bxpert- 

I 

2 
3 
4 

5 

Weight  of      1  WeUht  of  CO,  1        Curbm 
HwelUUten.    [      obWnwl.            periient. 

4-5652     '     0'0778 
3-3522          0'0588 
3'6999           O-0628 
5-7453          00919 
6-9287           01151 

0-465 

0-478 
0-463 
0436 
0-453 

Mean 

4-8583          0-0813 

0-459 

Greateflt  difference  0'0427„  carbon. 

Liberation  of  the  Carbon  by  Chlorine  Gas. 

A  dried  and  carefully  purified  current  of  chlorine  gufl 
wa3  pasaed  over  a  Bmall  weight  (2  to  2\  gpammea)  of  thef 
fine  drillings    contained  in  a  porcelain    boat  heated   ia% 
redness  in  a  glass  tube.    The  ferric  chloride   aublimej 
beyond  the  heated  boat  leaving  the  carbonaceous  rOBidui 
in  the  latter  in  the  form  of  a  velvety-black  powder  whioliij 
was  afterwards  burnt  in  oxygen.  The  results  are  appended 
in  the  following  table : 


No.  of  Ki- 

porinmiu 

WdKht  or 

Bwd  Ufcm  tor 

uulyalL 

"tKi"- 

-/.  CnrboD. 

1 
i 
3 
4 
5 

2-25 
2-00 
2-25 
2-50 
200 

0-0371            0-460 
00321     1      0-438 
0-0407     1      0-493 
0-0418     1      0-466 
0-0375     ,      0-511 

Hiu    :      8-20 

0.0378            0-470 

r 


Moist  Combustion  Process. 


The  carbonaceous  residues  treated  in  tho  following 
Gxperiments  were  obtained  exactly  aa  described  in  the 
cupric  chloride  method  hereinafter  recommended  by  the 
antborij  as  most  con- 
venient and  accurate  for 
the  estimation  of  carbon 
by  combustion  {p.  24). 

KThe  washed  moist 
Ubeatos  ping  on  wUich 
the  carbon  had  been 
collected  was  trans- 
ferred tfi  a  wide  8-oz. 
flask  F  (Fig.  i),  iitted 
with  a  rubber  stopper 
carrying  an  exit  bend 
A  and  a  stoppered  fun- 
nel H,  the  latter  also 
fitted  with  a  small  rob- 
ber stopper  and  g' 
bend.  To  the  plu| 
then  added  7i  grammes  Pi^,  ^ 

of  chromic  acid  dis- 
solved in  15  cc.  of  water,  the  stopper  was  inserted,  and 
SO  cc.  af  strong  H^SO,  were  introduced  into  the  funnel, 
which  was  then  closed  with  its  stopper,  Tho  flask  was 
next  placed  on  the  sand-bath  v,  the  ends  A  and  d  were 
then  respectively  connected  by  means  of  thick-walled 
tubing  to  the  bulb  e  and  the  tube  c,  Fig.  7,  the  flask 
and  sand-bath,  in  fact,  taking  the  place  of  tho  com- 
bostioQ-tube   and  furnace  in  the  dry  combustion  appa- 
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ratns.  After  weighing  and  replacing  the  abBorption- 
tnbee,  a  and  h,  the  tap  of  the  funnel  was  opened  till  the 
50  cc.  of  H^SOi  had  mn  into  the  flask,  this  procesa,  if 
necessary,  being  aasiated  by  the  aspirator  j.  After 
closing  the  top  of  the  funnel  gentle  hoat  was  applied  to 
the  mixture  of  carbon  and  chromic  and  aulphnric  acids, 
the  heating  was  continued  until  the  mass  turned  green, 
and  somi-Bolid  from  the  formation  of  chromic  sulphate, 
and  white  fumes  began  to  appear  in  the  flask.  It  was 
found  necessary  to  go  to  this  stage  to  ensure  the  com- 
plete oxidation  of  the  carbon.  The  Bunsen  was  turned 
out,  and  two  litres  of  air  were  aspirated  through  the 
flask  from  the  gas-holder.  The  absorption  tubes  were  then 
re-weighed  to  determine  the  woiglit  of  llio  COq  evolved. 
The  reactions  in  this  process  may  be  formulated  as  follows! 
G  H38O,  +  4  OrO;  +  SG  =  S  00,  +  2  0r,  (A'OJ .,  +  H^O 
The  authors  have  observed  in  carrying  out  this  process, 
that  sometimes  the  fumes  of  iSOj  assume  a  peculiar 
physical  condition  in  which  they  are  not  condensed  in 
the  sulphuric  acid  drying  bulbs,  and  fven  to  sLmie  extent 
pass  the  potash  tubex.  The  results  obtained  by  moist 
combustion  are  usually  somewhat  low,  as  will  presently 
be  seen,  nnleaa,  as  is  often  the  case,  no  blank  determina- 
tion is  made  on  the  re-agents  used.  In  the  present  set 
of  experiments  a  washed  plug  15  cc.  of  the  chromic  acid 
solution  and  50  cc,  of  strong  ff^SOi  wore  dealt  with  as 
though  a  cai'bon  dotormination  wore  being  made.  The 
increase  in  the  absorption-bulbs  was  5'5  milligrammes, 
equivalent  on  the  experiments  to  a  mean  -|-  error  of 
0'044%  C.  As  to  whether  this  error  was  really  due  to 
<»rbonaceon8  matter  in  the  re-agent:^,  or  to  the  faintly 
vinble  vapour  of  difficulty  condensed  SO^,  or  to  both,  the 
ttoUion  are  not  sure;  however,  the  corrected  reanlta  of 


9  estimatioDS  mode  by  thia  process  are  net  Forth  i 
^bjoined  table: 


No,  o(  Ejt 

«Ltiil  ■'^■ffi^-ir' 

V.  Carbon. 

1 

2 
3 
4 
5 

3 '00 
3-25 
3-60 
375 

4'00 

00544 
0-0536 
00610 
00637 

0-0668 

0-495 
0-446 
0-475 
0-463 
0-455 

Mean 

3-50 

0  0598 

0-469 

Greatest  difEereiice.  O-OiO" 

=. 

One  more  process  now  remains  to  be  dealt  with, 
Iftiuely,  the  dry  combustion  of  the  reaiduo  obtained  by 
breating  the  ateol  with  cupric  chloride;  this  after  some 
loodificationa  was  tbe  method  finally  adopted  by  the 
antbors,  and  they  have  no  heaitation  in  stating,  that  if 
conscientiously  carried  out,  it  will  bo   found  to  be  the 

rost  accurate  and  convenient  process. 
Before   describing    the    manipulative    details  of  the 
method,  it  will  be  well   to  complete  tbe   tabular   com- 
parisons of  the  various  processoe.    Five  estimations  by 
that  last  named  gave  the  following  results : 


I 


No.  o(K»-        WbikMoI        Weij{l,l  uI  COi 

V.  Cnrlua. 

1  4-00             0  0735 

2  i)50             0-0626 
■■i              3-00            0-0560 

4  4-00             0-0715 

5  4-00             00725 

0-501 

0-488 
0-509 
0-4S7 
0-494 

1    Mean    j       370            0-0672 

0-496 

Greatest  difference.  002'2-/„. 
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Tho   following   table  gives   comparatively  the  lueai 
results  obtained  from  the  five  estimations  made  by  i 
method.     It  should   be   undcn^tood,   that  before   thesa'fl 
results  were   recorded   many   preliminary    experiments^ 
were  made  in  each  process  to  find  out  tho  most  favour-J 
able  conditions  for  the  analysis. 


Metliod                      M^UiuJ               „^„           Otmlnt  rtllt«r- 

Oalvanic      .     . 
Chlorine.    .    . 
Cupric  chloride 
Cupric  chloride 

Dry            0-459 
Dry        ,     0-470 
Wet       r     0-469 
Diy       \    0-496 

0042 
0-073 
0049 
0022 

^L       by  CO 


If  the  mean  result  of  the  last  method,  namely,  0'496^| 
be  taken  to  represent  tho  true  carbon,  tho  greal 
difference  0-022"^  indicates  a  ±  error  of  0'011%, 
the  process  be  carried  out  with  every  care  by  a  practised 
manipulator,  this  amount  may  bo  regarded  as  tho  ex- 
perimental error  to  which  tho  process  is  liable,  being 
constant  within  reasonable  limits  almost  independently 
of  the  mass  of  carbon  present.  This  ia  proved  by  the 
following  tables  of  results  obtained  on  two  stBols,  one 
considerably  higher  and  the  other  much  lower  in  carbon 
than  the  standard  steel.  By  colour  comparison  with  the 
latter,  two  moro  11-in.  ingotn  were  selected,  and  bars 
were  obtained  from  them  in  the  same  manner  as  already 
described  for  the  0--19fl/'  steel. 

The  steel  on  which  tho  esperiments  detailed  in  the 
first  table  (p.  23)  were  made  registered  by  the  colour 
test  0-27^  C.  The  second  steel,  tho  combustions  upon 
which  are  recorded  in  the  second  table  (p.  23),  showed 

colour  0-80%  C. 


J 


Mr.  A.  A.  Blair,  in  his  work  on  tho  "  Chemical  Analysis 
F-of  Iron,"  referring  to  the  ammonio-cupric  chloride  and 
P  dry  combnstioE.  process,  Btatea  that  "daplicate  results 


fABLE  I. 

No. 

Weight  or  KUel. 

Weight  of  CO., 

/.  CkriKm. 

1 

2 
3 
4 
5 

475 
4-50 
4-50 
4-25 
400 

00430 
0-0387 
00402 
00389 
0  0372 

0-247 
0235 
0-244 
0-250 
0-253 

Mean 

4-40 

1     00396      ; 

0-246 

Gpeatost  difierence,  0018V..               | 

No, 

WrighlofBUwl. 

Weight  o(  CO,. 

■/.Cirbon. 

2 
3 
i 

S' 

300 
3-60 
3-25 
3-75 
4-00 

00852 
01010 
00946 
01088 
0-1126 

0-775 
0-788 
0-793 
0-791 
0-768 

Menn 

3-50 

0-1004 

0-783 

Greatest  difference,  0026V». 

bhonld  rarely  vary   more  than  0-005  of  a  %  of  carbon." 

(In    other    words,   working   on  '6   grammes  of  steel,  a 

1  ±  error  of  0'000075  gramme  of  carbon.    Odd  pairs  of 

Malta  may  by  chance  agree  thus  closely,  but  a  series  of 

iombuBtions  from  which  alone   the   true   exporimental 
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error  can  be  determinod,  aliowSj  as  already  indicated,  an 
unavoidable  difference  eqcal  to  four  times  tho  percontago 
given  by  Mr.  Blair. 

Liberation  of  Total  Carbon  by  Cupric  Chloride 
and  Dry  Comhtistion  of  the  Residue. 

(Time  occupied,  about  l^  working  days.') 

Preparation  of  Re-agents. 

No.  1  Solution. — -Woigli  out  iuto  a  (JO-oz.  beakor, 
marked  for  1  litre,  250  grammes  of  pure  cupric  cliloride, 
dissolve  in  hot  water,  and  make  up  to  1,000  cc, ;  bring  the 
solution  to  boiling,  and  add,  drop  by  drop,  a  strong  solu- 
tion of  caustic  potash  till  tho  liquid  is  milky  with  a  per- 
manent pale-bluo  precipitate  of  cupric  hydrate.  Boil  up 
well,  say  for  15  minutes,  then  allow  to  stand  for  a  day  or 
two,  till  tho  hydrate  and  often  a  yellow  basic  precipitate 
have  settled.  (Tho  object  of  thus  noutraliaing  with  potash 
is  to  romovo  from  tho  copper  salt  any  free  acid  present 
which  might  Hborato  a  small  portion  of  the  carbon  in  the 
steel  in  tho  form  of  gaseous  hydrocarbons.")  Filter  off  the 
clear  solution  into  n  perfectly  clean  stoppered  Winchester 
quart,  rub  tho  filter-paper  well  before  using  to  detach  any 

'  The  "time  uccupicd"  givun  with  each  prtmi^rs  moiui»  the  tiiuo 
over  which  the  oporBtiim  cxlcnilx,  nnil  ntit  thnt  tlio  mialjrst  is  whoUy 
engaged  for  that  poriod  upon  tlin  Lvtimnlion.  Ah  a  inaltar  of  hcU  »n 
fixpcrt  cbomial  with  lunplc  a])pliBiireR  Ciui,  in  thr  cwo  of  ccrtniii 
Steel*,  make  two  complolo  ordiii»r]r  onnlyKoa  iii  r  workiui;  ilny  of 
KTon  hours. 

*  The  B.  A.  Conimitteo  regard  bucL  evuliilinu  a»  njiui.'rj'iihul  whcu 
tiling  uuiuoiiio-uiipm-  (.-liloridu,  bul  the  uiilhora  have  ubiitirvc<l  u 
distinct  CTulutiun  of  gas  bubbluB  witli  aaid  CuCt^  cululiou. 
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tose  fibm  Mid  so  avoid  getting  them  into  tbe  solntion. 
nr,  n  all  ifaroagh  the  analy^s,  rigorous  precautions 
lut  be  taken  to  prevent  the  accidental  introdnction  of 
tutraneoiis  carbon  into  the  estimation. 

No.  2  SoltUion. — Dissolve  GOO  gramniee  of  pare  cuprio 
chloride  and  3W  grammes  of  clean  common  salt  {}faOt) 
in  boiling  water.  Make  op  the  solution  to  1800  CO.,  and 
then  add  200  cc.  of  faming  HCl  solation,  mix  thoroughly 
and  filt«r,  etc.,  as  described  for  No.  1  solatioo. 

Aihetlot. — Fine,  silky  Italian  asbestos  mnat  be  care- 
fully picked  out  into  thin  fibres:  these  are  then  worked 
up  iuto  a  woolly  mass,  are  strongly  ignited  in  a  muffle 
:e,  allowed  to  cool  under  cover,  and  are  then  pre- 
rved  in  a  well- stoppered,  wide-mouthed  bottle, 
I  Oaprie  oxide. — Tho  purest  form  of  this  re-ageot  is  made 
%y  cutting  np  into  pieces  about  \  in.  i^quare,  electrotype 
copper  foil.  The  fragments  of  copper  are  then  placed  in 
an  old  porcelain  dish,  and  arc  heated  for  several  houra  in 
tho  mufflo  till  coQTorted  into  oxide.  Copper  gauze,  rolled 
into  a  cylinder  thick  enough  to  just  slide  into  the  com- 
bustion tube,  and  tiimilarjy  ignited  to  oxide,  also  answers 
very  well.  These  preparations  the  authors  prefer  to  the 
granulated  copper  oxide  of  tho  shops,  which  sometimes 
gives  off  oven  after  prolonged  ignition  gases  capable  of 
absorption  by  caustic  potash. 

Pola»h  pumice. — For  the  preparation  of  this  re-agent 
a  considerable  quantity  of  pamico  stone  is  coaraely  pow- 
dered. Tho  fine  powder  is  then  removed  through  a  copper 
sieve  about  7  in.  in  diameter,  with  a  rim  1  in.  deep,  and 
perforated  with  fades  ^^  °^  ^^  ^^^  '^  diameter.  The 
coarser  residno  is  treated  in  a  similar  eieve  with  holes  ^  in. 
in  diameter,  the  fragments  passing  through  being  used 
for  the  preparation  of  the  re-agent.  The  grains  are  placed 
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iu  a  porceltiin  dish,  and  potash  aolatiou  is  added  till  the 
pumice  ia  saturated  with  it.  The  mass  ia  then  gently 
heated  and  stirred  with  a  glass  rod  until  quite  dry.  Any 
clotted  masses  are  then  carefully  broken  up  into  their 
conutituont  grains  by  means  of  the  rod,  and  whilst  still 
warm  the  re-agent  is  placed  for  preservation  in  a  well- 
stoppered  bottle. 

Galcinvi  chloride, — Ordinary  chloride   of   calcium  is 
heated,  at  first  cautiouslyf  in  a  porcelain  diah  till  it  ceases 
to  givo  off  water,  and  is  converted  into  a  dry,  spongy 
mass.  Theoriginalaalthaa  lost  two-thirds  of  its  combined   . 
water,  thus :  fl 

(OaOt.,,  Q  H,0)  =  (OaOl.,,  2  H.,0)  +  4  H^O  ^ 

The  mass  is  broken  up  and  sioved  exactly  as  described 
for  the  pumice,  only  this  exceedingly  hydroscopic  sub- 
stance must  be  kept  as  hot  as  possible  during  the  sieving 
operation,  and  the  granules  when  obtained  should  receive 
a  good  final  heating  before  being  bottled.  They  must 
also  be  hot  when  introduced  into  the  absorption-tnbe 
described  later  on.' 

Caustic  potash  solution. — Make  when  required  by  dis- 
solving 25  grammes  of  stick  potash  in  50  cc.  of  distiltod 
water. 

Mixture  of  chroviic  and  sulphuric  acids. — To  100  cc.  of 
water  contained  in  a  thin  beaker  add  100  cc.  of  strong 
sulphuric  acid.  When  cold,  dissolve  in  the  mixture  as 
much  chromic  ooid  as  it  will  take  np.  Preserve  for  use  in 
a  stoppered  bottle. 

Oxygen. — This  is  taken,  as  wanted,  from  a  cylinder  of 
the  compressed  giiN  and  passed  into  the  glass  gaa  holder 

'  GranuliUil  cftloiiim  ehliirklii,  ready  for  iiac  in  cnmliUMtioii  work, 
can  ttiiw  l)p  jnipnliwc"!,  Il  in  wlviimble,  hnwevor,  to  piisa  a  drv  current 
of  COj  over  it,  rulluwcil  hy  a  currant  of  dried  air. 


I 


UA  Fig.  7)    after  bobljling  through  a  strong  aolutioo  of 
lanstic  potash. 

The  Process. 

Liberation  of  the  carbon. — Weigh  out  from  3  to  5 
mes  of  the  steel  drUlings  into  a  20-ox.  beaker, 
provided  with  a  glass  rod  cmaher 
and  a  concave  cover.  Add  25  cc. 
of  No.  1  solution  for  each  granimu 
of  steel  taken;  allow  to  Btand  for  at 
least  four  hours,  occaaionally  well 
stirring  and  crushing  the  preci- 
pitated copper  until  no  gritty  feel- 
ing is  any  longer  perceptible.  Now 
add  50  cc.  of  No.  2  solution  for  each 
gramme  of  steel  present,  when  the 
dirty-looking  yellow  scum  of  basic 
iron  and  copper  salts  will  be  dia- 
iolred.  The  beaker  and  its  contents 
now  heated  to  about  60  C, 
id  the  liquid  is  freiinently  stirred 
II  all  the  jirecipitated  copper  is 
liesolved,  and  nothing  but  our- 
naceoua  flocks  remain.  The  beaker 
put  aside  for  at  least  an 
hour  to  allow  the  residue  to  aottJo.  Time  in  tliua  saved, 
as  the  almost  black,  supernatant  liquid  thon  passea 
rapidly  through  the  filter  before  the  latter  becomes 
clogged  with  carbon. 

Collection  of  the  residue. — This  is  effected  in  the  filter 
apparatus  sketched  in  Fig.  5.     A  perfectly  cleaned  and 
dried  tube  a  about  500  mm-  'o^K  ''?  '^ 
meter,  is  supported  in  a  woodi 


I 
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packed  a  plug  about  20  mm.  long  of  the  carefull;^ 
shredded  recently -ignited  silky  aabostoB  fibrus  d.  This 
plug  viust  be  very  carefully  fitted.  It  aLouM  be  looao 
enough  to  allow  the  filtrate  to  pass  through  at  a  fairly 
rapid  rate,  but  sufficiently  compact  to  retain  every  particle 
of  carbon.  It  is  shaped  and  placed  in  position  by  moans 
of  a  long,  flat-headed  glass  rod  and  the  tube  c,  which  is 
250  mm.  long  and  12  mm,  outsiih  diameter,  and  supports 
the  plug  in  position  in  the  larger  tube.  The  latter  is  filled 
up  (using  the  stirring-rod  as  a  guide)  with  the  dark 
liquid,  and  as  much  as  possible  should  be  got  through 
before  throwing  any  carbon  on  the  plug,  livery  particle 
of  carbon  is  then  carefully  washed  into  the  tube,  which 
during  the  intervals  of  filtration  should  be  kept  covered 
with  a  little  porcelain  crucible  lid.  The  beaker  also  should 
never  be  left  uncovered.  The  residue  is  well  washed  with 
hot  dilute  HOI  solution,  and  then  thoroughly  with  dis- 
tilled water  till  quite  free  frouL  acid.  This  may  bo  tested 
by  means  of  dilute  solution  of  nitrate  of  silver.  The 
washings  from  the  tube  should  produce  no  opalescence  in 
the  silver  solution. 

In  the  foregoing  operation,  when  the  dark  cuprous 
solution  has  all  passed  through,  it  will  bo  readily  seen 
whether  the  packiog  of  the  asbestos  has  been  efiiciont. 
If  dark  channels  of  carbon  reach  the  bottom  of  the  plug, 
start  the  estimation  afresh;  if,  however,  all  ia  satisfactory,  - 
proceed  as  follows : 

Vr-ifhuj  the  residue. — Into  a  3-in.  porcelain  diah  place  a 
roughly-made  pad  of  ignited  asbestos,  about  40  mm.  in 
diameter  and  2  mm.  thick.  Then  on  to  this,  by  means  of 
the  long,  flat-headed  glass  rod,  carefully  slide  the  plug 
out  of  the  filtralion-tube,  carbon  side  down:  if  this  is 
skilfully  done,  not  a  parti(;le  of  carbon  will  adhere  to  the 


^^^I^BHi^H 
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Hidge  of  the  tube.    Should,  however,  any  rt-miuu,  it  ia       ^H 

■■removed  with  a  small  piece  of  ignited  aabeatos, 

the   latter   being  placed,  of  course,  on    the 

jMvd.     Tlie  dish  and  its  conteots  are  put  into 

_  «D  air-bath,  and  maintained    at  a  tempera- 

ktnre  of  about  100°  C.  till  the  plug  ia  quite 

■"     Paclring    tho   eombustion-tube. — The    tuba 

in  which  tho  combustion  is  made  may  bo  of 

porcelain  or  carefully  selected  refractory  but       n 

4 

_  not  brittle  glaaa;  if  of  tho  latter,  it  will  only 

^BVrve  safely  for  one  estimation.    Its  length 

Hwoald  be  about  700  mm.,'  and  its  inside  dia- 

■  tneter  mvgt  bu  20  mm.,  in  order  to  allow  the 

■0 

carbon  plug  to  be  eiisily  inserted.    The  sharp 

!0 

edges  of  the  tube  aliould  be  removed  with  a 

d 

_    file,  80  that  they  do  not  cut  the  corks.    The 

b 

ktorangoment  inside    the  tube   is    ahown   in       * 

■^ 

^Wig.  G:  B  is  a  closely  packed  column  of  frag- 

^nents  of  recently-ignited  oupric  oxide  (CmO).       | 

7    a 

^Rb    ia    secured    in    position   by    the   ignited 

\    bi 

^bibeBtos  plugs  A  and  c.     In  these  channels 

^fire  made  for  the  passage  of  the  gaaea  in  the 

^ntosition  shown  in  tho  sketch  by  means  of  a 

^|fiean,   stout,  pointed  copper  wire,    n  is  the 

HtwboD-plng,  E  the  pad,  [mcked  and  channeled 

BJHlBhown. 

^k     Combustion   of  the  reiidue. — The  tube  ia 

^Bluod  in   a  suflioiently  long   (20  tap)  Hof- 

Hfauuin  or  other  combustion  furnace,  so  that                          ^H 

Hne  pad  B  is  at  least  three  burners  within  the  furnace.       ^H 

^^1          '  A  sliortiir  lultu  Ir.vulves  the  risk  or  Bcari!be<l  owka.                     ^^| 

Into  the  tube  are  now  6rraly  inserted  the  india-rubbar  I 
corks,  by  means  of  which  it  is  attached  to  the  ap- 
paratus sketched  in  t^g,  7:  A  is  a  glass  gas- holder 
coutaioing  pure  oxygen  (the  stoppers  and  taps  of  this 
voaael  should  all  be  well  greased);  b  is  a  bulb  charged 
with  strong  caustic  potash  uolutionj  c  is  a  tube  filled 
with  potash  pumice;  d  is  the  furnace  and  tube  (the  end 
of  the  latter  at  which  the  carbon  plug  is  placed  is  con- 
nected with  the  tube  c);  E  is  a  bulb  charged  with  the 
mixture  of  chromic  and  sulphuric  acids  and  water;  r  is 
a  bnib  containing  concentrated  sulphuric  acid;  q  is  a 
bulb  charged  ivith  strong  potash  solution;  n  is  a  tube 
packed  one-third  (next  the  furnace}  with  potash  puraice 
and  two-thirds  with  dry  chloride  of  calcium;  i  is  a  valve, 
the  bend  containing  a  iittle  strong  sulphuric  acid  to 
prevent  the  possible  absorption  of  moisture  by  the  tube 
B  from  the  aspirator  j.  The  parts  of  this  apparatus  must 
be  tightly  coupled  up  with  sound  thick-walled  rubber 
tubing.  The  tightness  of  the  apparatus  should  be  tested 
by  coupling  everything  up,  closing  the  gas-holder,  and 
opening  the  aspirator  tap,  when  the  passage  of  the  air 
through  the  buibs  soon  ceases  if  the  whole  arrangement 
is  air-tight.  Nip  the  tube  attaching  i  to  the  aspirator, 
and  remove  and  replace  the  bung  of  tho  latter  to  restore,  I 
the  equilibrium.  All  being  ready,  the  gas-holder  ifl  I 
detached  from  c,  and  a  litre  of  air  is  gently  aspirated 
through  tho  ayatom  to  remove  all  00.^.  The  aspirator 
tAp  in  Hhut  and  the  gas-holder  is  re-attached  to  r,  the 
tup  openuil,  and  nntcruly  stream  of  gas  is  passed  through 
tho  apparatus  till  tho  pressure  is  equalized.  The  ab- 
sorption-tub  uit  o  ttnd  n  are  now  detached,  their  open 
eoda  as  well  aa  those  of  r  and  i  being  stoppered  for  the 
,  tints  being  with  little  pieoei  of  india-rubber  tubing,  I 


I 
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closed  at  one  end  with  glass  rod.  The  ah  sorption- tube  h 
is  provided  with  a  horse-hair  loop,  which  serves  to 
suspend  it  on  the  hook  of  the  balance-pan.  The  tubes 
are  placed  for  five  rainutea  in  the  balance-case,  and 
are  then  very  carefully  weighed  without  their  stoppers, 
having  been  previously  wiped  with  a  clean  old  linen 
handkerchief.  Having  been  re-attached  to  the  apparatus, 
the  combuation  is  proceeded  with  as  follows:  slightly 
open  the  aspirator  tap  and  that  of  the  gas-holder,  so  aa 
to  pass  through  the  bulbs  a  gentle  bubble  by  bubble  cur- 
rent of  oxygen,  which  must  be  maintained  throughout 
the  operation.  The  first  burner  under  the  copper  oxide 
(next  e)  is  very  cautiously  lighted  by  means  of  a  taper, 
the  gas  being  quickly  and  repeatedly  turned  in  and  out 
till  the  tube  is  warm  enough  to  have  evaporated  the 
condensed  moisture  first  formed  from  the  vicinity  of  the 
burner.  If  this  preaaution  ie  tiot  faithfully  carried  out, 
the  tube,  if  of  glass,  will  probably  crack.  Next,  ono  by 
one,  with  the  same  precaution,  light  alternate  burners 
under  the  coppor-oxide  till  the  whole  column  is  being 
heated;  then  place  the  fire-clay  covers  over  this  portion 
of  the  tube.  Aa  aoon  as  the  oxide  ia  red-hot,  quietly  one 
by  one  light  the  jets  to  the  end  of  the  furnace  next  c. 
The  carbon  flashes  off  and  bums  readily,  but  the  heat 
should  be  continued  after  having  placed  on  the  remainder 
of  the  fire-clay  covers  till  the  aaboatos  plug  is  thoroughly 
red-hot.  The  portion  of  the  tube  containing  the  copper 
oxide  must  be  watched,  if  glass  ia  used,  and  if  it  shows 
any  signs  of  sagging  out,  the  temperature  at  that  point 
mnat  be  moderated  by  turning  out  a  tap  or  two.  Aa 
soon  as  the  combustion  is  finished  the  gas-lioider  tap  is 
shut,  the  tube  nipped  and  detached,  and  the  air  is  very 
gradually    admitted    tiU    the   pull    of  the   aspirator   is 
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normal,  At  least  a  litre  of  air  is  then  aspirated,  the  ab- 
aorption-tubea  are  detached  with  the  precaution  already 
giren,  are  stoppered,  and  after  remaining  five  minutes  in 
the  balance-case  are  again  wiped  and  re-weighed.  The 
increase  registers  the  weight  of   00^,   which   contains 


27'27%  of  carbon,  {If  the  precautions  advisod  duri 
the  varioua  detachuenta  of  the  parts  of  the  apparatna 
are  not  observed,  the  violent  passage  of  gas  through  the 
liquid  re-agents  may  splash  them  from  one  tube  to  the 
other,  a  diiiaster  necessitatiDgalong  delay  for  re-filling.) 
Details  of  apparatus, — A  dimensioned  sketch  (Fig.  S) 
of  one  of  the  wooden  stands  useil  to  support,  the  above 


apparatus  ijifty  be  useful.  It  will  bo  noted,  that  the 
only  movabie  corks  employed  are  those  in  the  cotuboBtion- 
liibe.  The  dry  absorption- tubes  are  ol'  special  desifpi 
( Fiy.  it):  they  are  filled  through  a  little  fannel  at  the 
nock  A,  thnnigh  which  the  pumice  or  chloride  of  caloium 
granuloB  are  sliakon. 
When  fiilod,  the  m-ck  is 
Hrmly  corked  and  her- 
metically closed  by  seal- 
ing-wax, the  latter  being 
(.'arefully  heated  over  a 
mnall  Bunsen  flame  till 
smooth  and  rounded. 
Every  chemist  who  has 
been  engaged  in  organic 
analysis  will  have  had 
painful  experience  of  the 
fragile  nature  of  (leias- 
ler'e  bulbs.     Arnold   has 

,  therefore  designed  a  pot- 

1  bulb  combining  elB- 

loy,  strength, and  sini- 

Kcity.       It    is    sketched 

Fig    10.     The   space 

Mween   the  cylinder  and   iho  iwo  inner  buIbB  should 

-not  exceed  (l'20  mm.  When  this  dimension  is  correct, 
pressure  through  the  inlet  lube  splits  up  the  liquid 
into  three  layers,  so  that  gas  passing  through  these 
bulbs  first  comes  into  contact  with  the  film  of  the  re- 
agent on  the  inside  of  the  bulbs;  it  tlien  passes  through 
the   lower  layer  of  absorbent,  is  next  placed  between 

^the  lower  and  middle  layers  of  the  liqaid,  then  passes 
Uttwecn    the   moisl  surfaces  of  the    first    bulb  und    the 
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^^y\\ufU^T  in  a  layer  onlj  0'2  mm.  thick;  agsin  babbles 
tJfr/MJ|(h  Ui«!  absorbent,  and  passes  into  the  space  between 
Mm*  n^MuiuA  and  third  layers  of  Kqnid;  onoe  more  passes 
h^f.frnon  Uio  bulb  and  cylinder,  and  finally  bubbles 
fliroH^li  Mm  iippor  layer  of  absorbent.  The  bulbs  present 
/•nrn)farfif.ivnly  little  outer  surface  to  the  condensation  of 
iunUUm*,  nm\  nvory  part  of  them  is  readily  wiped  before 


rfnutfu  Iff  flic,  ('omhustion  Process. 

I'lih  fif^Hnti  nf  Ntt.  I  f«nlittion  removes  the  iron  from  the 
•  Hldtii  Tvilli  tf\\\\A\  i|.  in  notiibinod  or  mixed  as  the  case 
inir    I*".   ^mkI    I»*mv»*r    llin  liiitor  in   flocks^   mixed   with 

t^J'  I  :l  ^MfV^-HM^rZa  +  a  Gu+G 

fh  IliM  III 'I  fM«i(|iiiii  i«ii'lM<liMif  iron  and  cupric  chloride 
V  f(*('l  f' 4 1  'i(t'<  cMrM  )tlh,  iMi|i|M>i*,  t^nd  mrlMin.  In  the  second 
MM'llMfi  |||^  IfMtt  U  titfthlv  inninvtMl  iin  forrouii  chloride, 
l/''f*f#i|f  •nimlvf'd  inM|diHi'  Hhd  iMippor. 

'\Uh  lf.ff/«M"  ^liintldh  in  mitnliiMt  nxidixoH  from  the  air, 
'M«d  1.14. 1^  |m«}»'  rtilhildM  ip  pi'PolpitaUHl  in  yellowish 
ll'<l»».»  !•  MHM  lli»'  Hi'Hun  mI'  lhr>  i»xorH»«  of  mi  prio  chloride 
)/n.ui.«(|  HpttM  fin-  pM.hlpHfiliid  iMippnr,  dirty- white  cuprous 
t'lil^ndf.  Ill  pM'(ipMMli>d«  llila  nah.  lioing  insoluble  in  a 
liijuiial  .iiflMll'iM  TImmm  prMi*ipllntim,  however,  are  readily 
dihtii/Kiiil  |,y  ilni  in.i.  //r7  in  Iho  No.  2  solution,  the  latter 
aim)  \%A'A\i\^  upiMi  Ihn  mippnr  lliUh*. 

Cuprie  chlorjdu   and    iwippor   yield    cuprous  chloride 
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iloblc  in  HOI.  The  presence  of  the  sodium  chloride 
assists  the  solution  of  the  copper  by  forming  n  double 
chloride,  OuNaCLj.  The  carboniiceous  rcsiduo  coutains 
combined  water,  often  some  silica  and  phosphide  of  iron, 
and  particularly  sulphide  of  copper.  Tho  latter  in  etoL-l 
high  in  Hulphur  and  low  in  carbon  may,  by  the  pro- 
dnction  of  SO-j  during  the  combuEtiou,  givo  rise  to 
sorioas  error,  hence  tho  mixed  chromic  and  sulphuric 
acids  bulb  E,  which  oxidizes  the  gaseous  SO-^  to  sul- 
phuric acid,'  in  addition  to  condensing  tho  bulk  of  the 
water  given  off  by  tho  residue.  Tho  latter  may  also 
contain  tungsten  and  chromium,  so  that  the  student 
need  not  be  alarmed  at  a  pink  {Fe^O^} ,  yellow  [W0_^, 
greenish  ((7r,0:i),  or  dark  ((7wO)  roaiduo  remaining  on 
tho  plug  after  tho  strong  ignition  in  oxygen. 

The  tubes  b  and  c  sorvo  to  thoroughly  purify  the 
oxygen  from  any  gases  capable  of  being  absorbed  by 
potash. 

The  column  of  oxide  of  coppor  ensures  the  c 


'  Odc  of  ihe  aulliors  mailo  die  following  exjicrimcDtH  un  a  tiisic 
steel  or  rather  irou  ingot,  conUiniiig  under  D'l°/o  of  carhnn  and  O'OS'/b 
of  BQl|ilnir.  in  ooii»ci|i>cnrc  of  tbe  carbon  by  combustion  beinj;  con- 
»iclentl)l7  higher  than  tlial  obtained  bj  the  colinir  test.  A  rcnidiui 
Iruni  3  graromca  of  iIcqI  waa  rollectcd  npon  a  paper  filter,  and  slW 
tlion>u;;h  waKhing,  was  dried  at  100".  The  dried  iua*«  waa  rmtuTMl 
fi-oui  the  paper,  trmiKfcrred  to  a  heskcr,  ajiU  boiled  witli  Btron«  iillrh: 
ni;id.  The  solution  waa  cva|>orBted  tti  dry"e««,  and  thi'  drit'd  nia- 
was  extrarU'il  with  water  containing  a  few  drops  of  tICl.  Tl«-  lu(i.ul 
wssBlterei)  off,  aiid  w  few  drops  of  «  10°/.  fl«'7,«.iuli'm  wm  uldwli 
a  prd-'ipitnle  uf  Ba.SO^  wan  at  once  obtained. 

Another  rwsiduc  was  ]>rep>red  and  burnt  off  eia't])'  lu  tut  it  hhu- 
hnstion,  the  gases,  howerer,  boiiig  j.amBl  bIW  leaving  (l»!*wi«U»li.M.. 
tube  into  a  Geiwler  npparstu.  f(inlminio(f  aii  tiidiluA  »/liiU«it  <yf 
potassium  jHTmanganate.  The  firi.t  bulb  N>M  l<jUilj'  mul  ttw  M*/** 
partially  deeoloriieil  bj  the  cvoUod  SO, 
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of  any  amall  quantity  of  GO  (which  is  insoluble  in  potash) 
that  might  bo  product'd  during  the  burning  of  tho  carbon, 

thus : 

Carbonic  oxide  and  oupric  oxide  yield  copper  and 
carbonic  anhydride.  It  also  seems  to  prevent  any  traces 
of  chlorine  present  in  the  residue  getting  forwai-d  to  tho 
potash  bulbs  by  converting  it  into  GuGI;  the  latter  may 
be  occasionally  seen  as  a  faint  brown  aublimate  on  tho 
portion  of  tho  tube  just  in  front  of  the  oxide.  The 
sulphuric  ticid  bulb  f  serves  to  remove  the  last  traces  of 
moistui'e  from  tho  gasoa  before  passing  to  the  potash  bulb 
«;  tho  latter  absorbs  the  00^  thus: 

GO.,  +  2  KUO  =  K^OO^  +  H.,0 

Carbonic  anhydride  and  potasaic  hydrate  yield  potaaaic 
carbonate  and  water,  The  formation  of  tho  crystals  of 
Ciirbonate  of  potash  may  often  be  watched  inaido  the 
bulbs.  The  polaah  pumico  in  the  first  limb  of  the  tube  H 
absorbs  most  of  the  moisture  taken  up  by  the  gases  when 
passing  through  the  potash  solution;  if  the  tube  were 
totuliy  611ed  with  calcic  chloride  the  latter  would  soon 
liquefy,  cake  in  the  upper  part  of  the  limb,  and  thus  pre- 
vent the  passage  of  the  giwes.  The  chloride  of  calcium 
filling  tho  remainder  of  tho  tube  efi"ectually  prevents  any 
moisture  being  carried  away. 

With  reference  to  the  number  of  combustions  capable 
of  being  carried  out  with  the  foregoing  arrangement,  tho 
tubes  B  c  p  and  n  should  serve,  with  care,  for  fifty  estiiiia- 
tionSj  but  tho  bulbs  s  a  and  the  vaive  i  should  be  re- 
charged for  every  ton  estimations.  When  not  in  uao 
every  portion  of  the  apparatus  should  be  tightly  stop- 
pered, and  the  absorption- tubes  are  perhaps  best  pre 


Mttrved  in  the  balnnco-case.'    Tho  followini^  mndel  of  the 
record  of  a  carlion  by  combustion  may  bo  useful  to  the 
student : 
.  July  13,  1888. 

Carbon  by  iK>mbn«tioii  on  drillings  markeil  st>. 

Weight  ofstetl  taken  3  gramnieR. 

Weights  of  absorption- tube H  before  uombiisCinn: 

KHO  bulb,  34-4410 

CaCL  tube,  .191505 


Wi^igbt'  orftbaorjitioD-iiibt-^  afti'r  i-i 
KHO  bulb,  34-4670 
CaCL  tube,  S9-IH44 
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H   As   the   authors'   experience  has  taught   tlioni    that 
identa  who  have  been  through  a  course  of  chemical 

'  The  stitdctit  sliouUi  gmsp  tbe  fuct,  that  the  weight  of  invisible 
mndenRed  vapour,  always  under  ortlionry  circumNtaneoa  prciieiit 
upon  the  nurfncex  of  glass,  porcelain,  and  platinnm  apparatus,  varies 
p[il|iably  with  roinporalively  small  differences  in  tho  temperntnre  of 
tlie  veiaola,  so  that  the  absorption- tube n  jn  earh  set  of  neifibinga 
should  have  as  ncarljr  a«  poosible  coinriilent  temperatures.    Hence 

Ekdv liability  of  leaving  them  in  the  bataiice-cHiie  for  some  minutes 
M  eieb  weighing. 
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arithmetic^  and  are  supposed  to  know  all  about  it^  are 
often^  as  a  matter  of  fact^  all  at  sea  when  a  practical 
application  of  their  knowledge  is  required^  here^once  and 
for  all^  the  principle  involved  in  the  calculation  of  the 
percentage  of  the  element  in  any  weighed  precipitate, 
etc.  from  a  known  weight  of  the  original  substance,  will 
be  fully  set  out.  The  foregoing  is  a  short  method  for 
practical  calculations,  based  upon  and  giving  exactly  the 
same  result  as  the  long  method,  which  is  as  follows: 

If  100  grammes  of  OO2  contain  27*27  grammes  of  carbon 

0-0599  „  „  „         X 

As  100  :  00599  : :  27*27  :  x 

0-0599  X  27-27     .._^  ^ 

X      =-    -        -  =  0  0163  fiframme  C. 

100  ^ 

If  3  grammes  of  steel  contain  0'0163  gramme  of  C. 

1""  >>  >>  99  ^  }f  99 

As  3  :  100  : :  00163  :  x 

X      =  —  =0*544y  C.  as  before. 

3  ^'■ 

Calculation  of  Percentage  Composition  of  GO2 

(7=12x  1  =  12 
0^=16x2  =  32 

44 


44  parts  by  weight  of  CO^  contain  12  parts  by  weight  of  Carbon. 

100 

As  44:  100:  :  12:  a: 


'^^  »>  i»  »♦  ^  «  «»  >» 


100  X  12  ^    ^   , 

X  =  ~      -^       =  27-27  Vo 
44 


DiHECT  CosBiTsnox  OF  Stxkl  is  a  ct-kmxxt  or  OlIQU. 

Tbe  complete  d ecarfaoti i nttion  of  steel  of  aaj  cooipoa- 
tion  I>v  passing  »  carreDt  of  oxygen  over  tbe  didlnp 
can  alwa5a  be  effected  if  »  saficiaBtilj  ^^^  UjiMpetatuia 
is  Diaiabused.  Porceluo  tabes  protected  &on  direct  cob- 
tact  with  the  flames  bj  a  wrapping  of  asbestos  doth,  or 
in  other  irays,  wilt  stand  beating  to  bngltt  redneas  ag;ain 
and  again  before  cracking.  An;  type  of  fnnnce  capable 
of  heating  at  the  most  10  indies  length  of  the  tube  to 
bright  redness  maj  be  osed.  Fnniaces  of  the  ordinary 
muffle  tTpe  are  now  largely  used  carrying  sereral  tabes 
at  once. 

A  layer  of  ignited  copper  oxide,  4  to  5  inched  l>>ng, 
occupies  one-half  of  the  heated  portion  of  tbe  tobe,  tbe 
remaining  half  acoooiinodates  the  boat  with  its  drillings. 

The  drillings  should  obvionsly  be  as  thin  as  possible. 
It  is  often  poaeible  froin  a  packet  of  drillings  submitted 
for  analysts  to  pass  sereral  grammes  through  a  sieve  of 
30  meshes  to  tbe  linear  inch,  and  these  provide  a  most 
admimlile  sample.  Many  substances  have  been  used  for 
mixing  with  the  drillings,  some  of  which  furnish  oxygen 
whilst  others  are  not  decomposed  at  a  red  heat.  The 
hitler,  e.'j.  ignited  mognesite,  ignited  alumina,  etc.,  serve 
the  porpuse  of  mechanically  separating  the  drillings  as 
much  as  possible.  Of  this  type,  trimanganic  tetroxide  is 
as  satisfactory  and  as  generally  reliable  as  any. 


I 


Sl'BCIAL  RK-AOENT  BX^jOIBRD. 

i  Pure   precipitated   anhydrous  manganese  dioxide   ia 
ssed  through  a  sieve  of  tiO  meabea  to  the  inch  in  order 
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to  break  up  all  lumps.  Tlie  aieved  oxide  is  strougly 
ignited  in  a  pUtiouin  dish  till,  on  cooling,  it  ia  found  to 
have  assumed  throughout  the  mass  the  characteristic 
reddish  brown  colour  of  trimanganic  tetroxide.  The  re- 
agent ia  preserved  in  a  well-stoppered  bottle. 


The  Process.  ^H 

(Time  occupied,  ^  hour.) 

Transfer  2727  grammea  of  the  drillings  to  a  cylindrical 
weighing  bottle  2  in.  high,  I  in.  in  diameter,  and  then 
add  2  grammes  of  the  prepared  oxide.  Before  mixing, 
carefully  shako  more  than  half  of  the  oxide  into  the  pre- 
viously ignited  boat  now  standing  on  a  white  tile,  and 
press  the  oxido  down  with  a  clean  spatula  so  as  to  form 
a  covering  for  the  sides  and  bottom  of  the  boat.  The 
stopper  is  then  placed  in  the  weighing  bottle  and  the 
drillings  mixed  with  the  remainder  of  the  oxide  by  shak- 
ing, after  which  the  mixture  is  emptied  into  and  along 
the  length  of  the  boat.  Any  adherent  particles  are  re- 
moved by  gently  tapping  the  bottle  open  end  downwards 
on  the  tile  and  brushing  from  the  latter  into  the  boat. 
The  boat  and  contents  are  then  placed  jnat  inside  the 
combustion  tube  to  be  warmed. 

The  weighed  absorption  bnlbs  having  been  placed  in 
position,  tfae  tap  of  the  aspirator  is  opened  slightly,  the 
warm  boat  is  pushed  into  the  fully  heated  tube  and  the 
bung  quickly  replaced.  The  top  of  the  aspirator  is  then 
fully  opened,  and  when  bubbling  has  nearly  ceased, 
oxygen  is  carefully  admitted  until  the  steel  begins  to 
bum.  This  is  evidenced  by  a  falling  off  in  the  rate  of 
bubbling  through   the  absorption  train.    The  supply  of 


Qxjrgen  is  tiiea  increued  aod  mualaioed  at  mm  k^  m 
rate  a8  is  consistent  witli  sftletj.  Wlmi  the  mLetH  ia 
nearly  burned  the  rate  of  bnbblin^  rafndljr  inerBMBi, 
and  the  oxygen  snpply  moat  again  be  carefnlly  cott- 
trolled.  Complete  decarboimnSMMi  of  the  *teel  ham  takoi 
place  when  the  oxygen  eotera  aad  leaves  lite  coibnitiaB 
tube  at  equal  rates.  Prom  one  to  two  litres  of  air  are  tfceo 
nepirated  through  the  apparatos  to  weep  all  tbe  oarbos 
dioxide  couipktely  into  the  bnlbs  aod  enmre  air  GUiDg 
nil  apace  is  them  not  occopied  by  re-agenta.  The  preuiirc 
is  tlieii  oarefblly  equalized,  tbe  bnlbs  mnored,  stoppered 
and  placed  in  the  balance  case  to  cool  before  hfnag  finally 
weighed. 

TTie  oxide  of  utangtm^Sf  when  prepared  as  directed 
should  be  free  from  blank,  t.c,  when  ignited  in  a  Htreatn 
of  purified  air  or  oxygen  it  should  yield  no  carbon 
dioxide.  All  fresh  batches  aboald  be  lest^-d,  aAer  igni- 
tion, by  coDdnctiug  a  blank  determination  on  2  graoiinea 
exactly  as  described,  the  steel  being  of  course  omitted. 


DKTERillHATlON  OP  Coilfi|](£TI  CaKSOH  BT  TltE  VohOVB 

TiST  (Eggertz). 

(Time  occupied,  about  ^  faogr.) 

The  moat  used  and  abused  process  in  the  whole  range 
of  iron  and  steel  analy-sis.' 

'  It  is  iigiiid  in  [exl-biink*  lo  ttaxe  that  t)i«  proc«««  cotiBUta  in 
Batimattiig  ihe  depth  of  lol.iur  prodnL-ed  in  s  dflule  Dltric  sdd  idId- 
ticR)  of  the  *lee),  the  inteiiBit}'  of  llie  brown  colour  being  proportional 
to  tile  combined  L-urbon  prpwiit.  This  preamble  i»  followed  by  dir«c- 
tfona  to  prepare  by  i''iinbuHlii>n  a  fUnxtaril  atepl  roiitaining  about 
l°/a(^a^bun  lu  be  used  for  the  i-onipariioii;.    Il  i-aniiol  b«  tooitrongly 
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To  avoid  etrnrs  in  making  the  colour  teat,  tbe  student 
ahould  bear  in  inind  the  following  facts: 

1.  Thdt  tho  colour  varies  with  the  form  (excluding 
graphite)  tn  which  the  carbon  exists  in  the  steel:  itn~ 
nenlod  stool  gives  a  somewhat  difieront  tint  from  that 
obtained  from  the  same  steel  in  a  normal  state,  although 
in  both  caaoB  the  carbon  exists  in  combination  with  the 
iron.  Hardened  ateel,  in  which  comparatively  little  car- 
bide of  iron  is  present,  yields  a  much  lighter  colour  than 
that  obtained  from  the  normal  steel. 

2.  With,  as  far  na  wo  know,  coincident  forms  of  car- 
bon, the  colour  of  the  solution  obtained  from  a  hard 
Rtoel  is  found  to  be  deeper  than  that  obtained  from  a 
mild  stool,  when  volnmoa  of  the  liquids  containing  the 
colouring  matter  have  been  adjusted  in  accordance  with 
the  percentages  of  carbon  obtained  by  combustion,  that 
is  to  say,  *  1%  steel  when  compared  with  a  0'25% 
standard    would   register,  after  a  fashion,  considerably 

«|jit«cl,  tliftt  t1i<<  colour  i*  Hal  projMirtional  to  the  cubon  prcwnt, 
oxevpt  miller  ocrUin  9)ic<'ml  coiulitioiis.and  even  tben  within  a  limited 
miige.  No  (tiiii|<etcnt  itei'l  Bii*lvst  would  ever  think  at  uain^  a  !"/„ 
ntoiidKnl  t<>  i-stiinatr  the  rnrbon  hi  a  mild  «lop1.  The  aiithnrc  nf 
alinoRt  every  work  on  iron  and  nled  analvnifi  which  ha«  been  pub- 
li«h«d  diirin)!  the  lait.  fifloon  or  twonty  years  liave  been  so  imbued 
with  the  pn>|Hirlional  colour  IUUct,  that  tliev  figure  with  mono- 
tonous regiilartly  a  (tanil  containing  a  luiiu  vixta  of  heraietically 
■ealetl  "  proportional  eoloiir"  tubea,  charged  with  either  very  weak 
eoflW;  or  with  ao-calleil  nenuaiicul  ewlonr  solutionB  nf  inorganic  me- 
talliti  naiU.  The  arliclcH  ileiicribing  thU  ilrln»ioii  usually  eii<I  up 
with  (lie  complacent  anniinince,  that  by  ita  mean*  mmbineil  rarixm 
"  may  U'  readily  det*nnined  »-ilhin  O-OI*/,."  A  fVicnd  Iuh  for  ^^onie 
time  been  watching  willi  inti'rest  iliciuotceiilar  chaiigen  taking  place 
in  the  tube*  of  ■  raek  of  "  {lemianeiil  colour  iitandardi "  in  which,  in 
a  monieTiT  of  weaknos*,  he  inveoteil  twti  fruineav.  At  present  the 
O'f'n  etandani  i»  dat^ter  than  the  0S°  „. 


1/J.    Coincident  tints,  howe-  - 

obtained.    (See  por&^^pb  4.) 

3.    Normal,  cracible,npen~faemrtli,  tnd 
of  like  ntrbon  do  oot  give  exactlj  the  lune  wkada  of 
raloor, 

•i.  Coloara  may  b«  obtained  of  eqoal  dept^  bat 
varying  tints. 

5.  The  colouring  matteris  aeiiaitiTe  to  daj light,  being 
distincti;  paler  when  eiposod  for  •  lew  boon. 

6.  The  coloar  is  not  dne  to  disaohred  carbon  in  tbe 
elementary  condition,  but  to  an  organic  compoond  con- 
sisting or  carbon,  hydrogen,  nitragm,  and  oxygen. 
Variations  in  the  coroposition,  and  coaB«qiimtly  coloar, 
of  tbia  componnd  are  probable. 

7.  OTcr-heflted  sieel  sometimes  givet  to  nitric  acid  a 
peculiar  deep,  blood-red  tinL  The  canse  of  thia  pheoo- 
nienon  is  «bscure,  but  well  worth  inreotigatioo.  I'or 
instance,  an  orer-heated  open-hearth  ingot,  cootsiinng 
0.2°{^  of  carbon,  gave  a  colour  which  as  nearly  aa  could 
be  estimated  recorded  the  carbon  aa  oyer  2"{.  In 
another  case  a  xtnatl  steel  shut,  accidentally  somewfaat 
over-beated  in  "letting  down"  to  drill  for  analysis, 
contained  in  the  centre  0'8-j/^  of  carbon,  whilst  the 
ODtaide  registered  about  l'15/^.  These  cases  are  re- 
markable, because  with  a  bamt  steel  a  low  carbon  result 
is  nsoolly  expected. 

8.  Coloar  testn  on  mild  steels  are  more  reliable  than 
those  registered  by  hard  steels. 

From  the  foregoing  paragraphs  may  be  dednced  the 
iileal  conditions  under  which  this  process  sfaoiild  be 
employed. 

( ii)  The  standard  and  the  steel  to  he  tested  should 
have  been  made  by  the  same  process. 


E" 
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(i)  The  standard  and  steel  should  be  in  the  same 
physical  condition  as  far  as  this  can  be  secured  by 
mechanical  means, 

(c)  The  standard  should  not  differ  greatly  in  its  per- 
centage of  carbon  from  that  present  in  the  steel  under 
analysis, 

((?)  The  solutions  of  the  steels  and  standards  should 
he  made  at  the  sauto  time  and  under  identical  coudition:^, 
and  the  comparisons  should  bo  maile  without  delay. 

(e)  Above  all,  the  standard  should  be  above  suspicion, 
its  carbon  contents  having  been  settled  as  the  mean  of 
several  concordant  combustions  made  on  diffiTent  weights 
ofateel  from  a  homogeneous  bar.' 

When  all  these  conditions  are  observed,  a  more 
accurate  analytical  process  than  the  colour  test  cannot  be 
desired,  but  the  authors  are  too  well  aware  that  very 
often  an  observance  of  all  the  precautions  quoted  in  the 
ideal  case  is  not  possible;  however,  most  of  the  condi- 
tions can  always  be  secured,  and  if  even  these  are 
followed,  the  colour  test,  though  not  accurate  in  every 
instance,  is  nevertheless  of  the  greatest  practical  value, 
on  account  of  the  rapidity  with  which  the  results  can  be 
obtained. 

Sainiilivg  the  etei'l. — This  is  a  matter  requiring  a  little 
consideration,  or  misleading  reports  may  bo  handed  in, 

'  J.  n.  Arnold  ftnil  A.  A.  Rcuil  Ute  slioffu  ("  Joiirntd  Clieiiiii^al 
Sueietj,"  August,  1894)  ihc  possible  exiHtenco  iif  s  siibcitrbiile  of 
iron,  and  the  certain  existoni^c  of  iloulile  cartiiiles  (if  iron  nnil  mnngo- 
neie.  The  Inst-namcd  seem  tn  jiive  a  ligPiler  colour  than  tnrbitle  of 
iron  per  le.    (See  meiouir  above  quoted.) 


dril 

p. 


In  steol  bars,  and  purticularly  billota,  surface  drillingB 
slioald  bo  avoided,  aa  tlioy  are  lowor  iu  carbon  than  the 
main  portion  of  the  steel.  Id  one  case  known  to  ua, 
several  tons  of  3-in.  billeta  of  specified  carbon  "seventy" 
=  0'7%  were  rejected  on  the  ground  that  aeveral 
independent  analysts  bad  returned  results  showing  thorn 
to  vary  in  carbon  from  0"2.5  to  0"35,{.  On  investigating 
the  matter,  it  was  found  that  the  drillings  sent  for 
analysis  had  boeu  skimmed  with  a  very  wide  angle 
drill  from  the  surface  of  the  billots.     Deeper  drillings 

im  the  same  places  sent  to  one  of  the  analysts  were  re- 
trted  by  him  to  contain  by  colour  teat  0"69i^  carbon. 

When  the  hoat  is  considored  to  which  it  is  necessary 
to  raise  a  I6-in.  ingot  before  rolling  into  billets,  it  is 
not  surprising  that  some  of  the  sui-face  carbon  should  be 
oxidized. 

In  the  case  of  cemented  ateel  bar  (blister  steel)  the 
colour  test  is  of  dubious  accuracy,  firstly,  because  the 
poloar  yielded  by  this  material  is  difficult  to  match  with 
ordinary  standard;  and  secondly,  because   it  is  not 

ly  to  gat  an  average  sample  cveu  from  a  single  bar. 

During  the  process  of  cementation  the  carbonization 
proceeds  from  the  outside  of  tho  bar.  This,  ihoroforp,  is 
much  richer  in  carbon  than  the  middle,  at  all  events,  in 
the  case  of  mild  shearing  bars  showing  "sap,"  and  con- 
taining about  ^%  of  carbon.  Tho  best  plan  (after 
^'loaning  both  sides  from  rust  and  scale)  is  to  drill  right 
through  the  bar,  and  thoroughly  mix  tJie  whole  of  the 
drillings;  even  then  it  ia  advisable  to  do  several  oatiuui- 
lione,  and  take  tho  moau  of  the  results. 

Steel  which  has  been  hardened  and  tempered  should 
always  be  thoroughly  "  let  down"  by  cautiously  heating 
the  material  to  a  fair  red,  and  then  allowing  it  to  cool  in 
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air  before  sampling.  All  drillmgs  should  be  taken  witb 
dry  tools,  quite  free  from  oil,  etc.  FUuigs  are  worthless, 
and  particles  of  scale,  sand,  etc.,  should  be  carefully 
avoided.  In  the  case  of  very  thin  sections  of  stool,  in- 
capable of  being  drilled,  the  sample  should  bo  filed  bright 
on  both  Bides,  and  bo  then  sheared  into  small  pieces 
Huitftble  for  weighing  ou^  for  analysis. 

Wviijhing  ov,t. — In  open  hearth  and  Bessemer  steel 
works  the  analyst  is  usually  aware  of  tho  approximate 
carbon  in  the  steels  to  be  tested,  from  the  fact  that  the 
heats  or  blows  have  been  made  for  special  purposes,  such 
as  dead-mild,  carbon  0'1%,  Bessemer  rails,  0'45%, 
open-hearth  wagon  springs,  0'65%,  etc.,  so  that  each 
day's  dead-mild  heats  are  dissolved  up  with  and  tested 
by  the  dead-mild  standard,  spring  heats  with  tho  spring 
standard,  and  so  on.  In  crucible  steel  works  tJio  fraeturos 
of  the  ingots  convey  to  an  exporicnced  eye  a  fairly 
accurate  idea  of  the  percentage  of  carbon  present.  In 
cases  whore  the  carbon  is  absolutely  unknown  a  pre- 
liminary trial  must  bo  made,  in  order  to  find  out  roughly 
what  carbon  is  present,  so  as  to  compare  it  with  the 
nearest  atandai-d.  The  following  table  shows  the  weights 
required  of  various  percentages  of  carbon,  tho  volume  of 
dilute  nitric  acid  required  in  each  case,  and  tho  approxi- 
mate percentage  of  carbon  in  suitable  standards. 
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V.ClnSU*!, 

sv«r^ht  or 

Sl«l, 

S.„oM«..u^ 

HAt. 

13  to  1-7 

1-50 

005 

,      6xi 

3 

11  ..  1-3  1 

120 

005 

3 

08  ..  M  1 

0-90 

010 

4 

1  a-4  „  0-8  1 

(1-60 

010 

3 

1  0-2  „  0-4  1 

y-so 

010 

' 

2        J 

0-1  „  0-2 

015 

0-so 

6x1        1 

"J 

The  lesL  lubes  nsed  should  bo  of  thin  gl»8a,  and  pro- 
t'trabl^'  of  oqual  boru;  they  must  be  ncTiipidously  clean, 
iiid  qvite  ilry  inside.  A  a  lip  of  gammed  paper  should  be 
iiitucLed  to  each,  and  upon  this  should  bo  legibly  written 
the  carbon  contents  of  the  ata,ndttrd,  or  the  distinguishing 
mark  of  the  steel  to  be  tested,  as  the  case  may  be.  The 
tubes  are  then  conveyed  to  the  balance  in  »  raok. 
Having  carefully  weighed  out  the  steels,  transfer  tlie 
drillings  by  tnpping  and,  if  necessary,  by  brushing 
H-ithoul  loss  to  their  proper  tube. 

DisiolviiKj  the  sample. — To  each  tube  the  requisite 
volume  of  chemically  pure  (chlorine  froo)  nitric  acid  of 
optcific  gravity  1*20' is  added  from  a  50  cc.  burotto. 
The  tubes  are  then  loft  in  the  rack  for  a  few  minutes  till 
the  first  violent  evolution  of  nitrous  fuuiea  has  coaaod. 
The  brown  organic  flocks  containing  the  carbon  will 
then  be  noted  floating  about  in  the  already  coloured 
acid.  The  tubes  are  next  placed  on  tho  hot  plate  in  a 
bath  of  just  boiling  water,  and  are  occnsionuUy  shaken 
till  bubl>lcs  of  gEis  are  no  longer  given  ofl'j  and  tho  solu- 
tions are  clear.  This  will  bo  in  from  15  to  30  minutes — 
tho  time  varying  with  tho  quantity  of  brown  flocks  to  bo 
dissolved.  It  will  be  found  that  when  tho  tubus  are 
placed  in  a  slanting  position,  some  of  the  solution  of 
ferric  nitrate  is  liable  to  dry  on  the  sides  i  also,  that  when 
they  touch  the  bottom  of  tho  bath,  bumping  sometimes 
occurs.  To  remedy  this,  J.  O.  Arnold  designed  the 
carbon  bath  sketched  in  Fig.  11,  The  specially  omdu 
glass  beaker  has  no  radiuscd  sides;  it  measures  5  in.  in 
diameter  by  6  in.  deep.    The  glazed  china  cover  is  per- 

'  Beat  iniidc  hy  the  hydrometer.  It  iiinj,  liowever.  bu  Bpprusi- 
matfily  obtained  by  mixing  2S0  cc.  diHtilled  water  wilL  175  i!c.  of 
iiilrii!  acid  orepeciiic  gravity  1'4U. 
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forated  with  holoa,  either  1^  in.  or  |  in,  in  diameter,  to 
iidmil  the  two  sizea  of  test  tubes  employed.  The  tubes 
are  supported  on  the  cover  by 
means  of  nicely-fitting  india- 
rubber  gauge  glass  rings, 
slipped  on  to  the  tubes  to 
such  a  height  that  their  bot- 
toms are  about  one  inch  from 
the  beaker.  When  the  solu- 
tion is  complete,  the  tubes 
and  their  contents   must  be 

I  well  cooled  in  a  vessel  of  cold 

water  before  testing,  because 
tlio  liquids  arp  much  darker 
whilst  hot  than  when  cold. 

Oomparhig  llie  colours. — 
The  pairs  of  graduated  tubes 
used  for  this  purpose  are  con- 
veniently of  two  sizes.  Eiach 
pair  must  be  uf  equal  bore 
and  thickness  of  glass,  and 
the  latter  should  be  untinged 
with  colour.  The  tubes  must 
always  be  thoroughly  washed 
out  before  using.  The  first 
pair  should  bo  12  cc.  gradu- 
ated in  touths,  and  have 
an  inside  diameter  of  about 
10  mm.  Thoy  are  used  for 
all  steels  containing  ')'2^^  and  upwards  of  carbon.  The 
second  pair,  used  only  for  steels  containing  between  O'l 
and  0  2/^  of  carbon,  should  be  of  liO  cc.  capacity,  gradu- 
ated in  half  cc.     Ono  of  each  pair   of  tubes  should  be 
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niarke*!  S  with  a  diainonJ:  into  this  cautiously  pr.rur  the 
solution  of  the  standard  ateel,  rinse  out  tho  dissolving- 
tubo  with  a  siuall  quantity  of  distilled  water,  of  coureo 
pouring  the  washings  into  the  comparison- tube.  The 
liqnid  in  tho  latter  is  now  very  carefuDy  diluted  to  tho 
mark  by  means  of  a  6ne  jet  of  distilled  water;  be  careful 
not  to  overshoot  Ibe  point,  remembering  that  the  drain- 
igsfroni  the  side  of  the  tube  will  usually  nipasure  nearly 
of  a  cc.  Close  the  mouth  of  the  tube  with  tho  finger 
>hich  thoxJ'l  he  flean — and  invert  the  iii-iuid  two  or 
three  times  till  of  even  colour  tliroughout.  Treat  the 
ateel  to  be  tested  In  a  similar  miiuner,  not  of  course  fill- 
ing to  the  mark,  but  gradually  diluting  and  mixing  the 
solution  till  the  tints  in  tho  two  tubes  as  nearly  as  pos- 
sible miitcb.  The  percentage  is  then  read  off.  Probably 
the  best  and  certainly  the  t^i1ople3t  background  against 
which  to  compare  the  colours  is  a  piece  of  clean  filter- 
paper  saturated  with  water,  and  stuck  upon  a  pane  of 
glass  in  a  window  hnving  a  north  light;  in  any  case, 
sunlight  must  be  avoided.  In  determining  the  final 
point  change  sides  with  the  tubes,  because  it  will  usually 
be  found  that  an  apparent  match  of  tints  is  disturbed 
by  this  alteration  in  relative  po.'iition.  Whan  a  point  is 
reached  at  which  the  steel  being  tested  looks  a  shade 
light  on  one  side  and  a  shade  dark  on  the  other  side 
of  the  standard,  the  true  reading  has  been  obtained. 
The  following  table  will  indicate  to  the  student  tho 
manner  in  which  tho  standards  are  diluted,  and  the 
volumes  of  liquid  registered  by  the  unknown  steels  are 
read  off  as  pCTcentages.  The  carbons  in  tho  table  are 
given  in  round  numbers.  In  actual  practice  figures  in 
ihe  second  decimal  place  will  probably  be  involved,  when 
of  course  the  dilution  of  the  standard  ia  made  to  cor- 
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respond   thus,  a   0'78%    standard   must   be   diluted   to 
7-8  cc. 


C, '/.  in  Stnndanl. 

To  iMOVBTt  CP.  regla- 

lind  h)'  SUwl  Inlo 

Vnthoa  7.. 

1-50 

750 

Divide  tLem  by  5 

120 

6W 

0-90 

9-00 

„       10 

0-60 

6-00 

..       10 

0-30 

300 

,.       10 

015 

1500 

»    100 
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Steds  leaving  a  Residue  insoluble  in  Nitric  Acid, 

High  carbon  steels  occasionally  leave  a,  black  residue 
of  graphite,  high  tungsten  steels  deposit  yellow  tungstic 
acid,  and  wrought  iron,  pudiiled,  and  blister  steels 
sometimes  leave  a  small  dark  powdery  precipitate  of 
slag,  etc.'  All  these  solids  require  filtering  off  before 
making  the  comparisons.  A  plain  funnel  one  inch  in 
diameter,  containing  a  minute  circular  filter-paper,*  ia 
snpported  over  the  graduated  tube  in  such  a  manner  that 
the  stem  of  the  funnel  reaches  about  half  an  inch  down 
the  tube.  The  solution  is  then  passed  through  the  filter, 
the  latter,  the  dissolving  tube  and  the  residue,  being  of 
course  washed  colour-free  with  a  fine  jet  of  distilled  water. 
The  clear  liquid  is  then  compared  as  already  described. 

'  Thia  f&ct  nujr  serve  to  diitingaish  wrnuglii.  iron  IVum  deud-tuild 
steel. 

'  A  pennj'  serves  very  well  to  cut  this  out  to.  


^mSteekJ 
^r  These  c 


'Steels  for  which  the  dolour  Test  is  not  available. 

,  These  comprise  steels  contaimng  large  percentages  of 
elements  yielding  coloured  Eolations  with  nitric  acid: 
such  arc  chromium,  copper,  and  nickel,  particniarly  the 
first-named  metal.  Whon  only  moderate  percentages  of 
nickel  fir  copper  are  present,  fairly  accurate  colour  results 
may  be  obtained,  and  the  same  remark  applies  to  very 
small  percentages  of  chromium.  In  certain  special  steels, 
where  the  percentage  of  the  colouring  element  ia  practi- 
cally constant,  a  standard  containing  the  same  amount 
of  that  element  may  be  prepared.  In  some  instances  the 
authors  have  found  a  modified  application  of  the  alkaline 
colour  test  devised  by  Mr.  Stead  '  for  the  determination 
of  carbon  in  ingot  iron  to  be  usolul,  inasmuch  as  chromium, 
nickel,  and  copper  aro  precipitated  as  hydrates  along  with 
the  iron  by  the  caustic  soda  employed  in  this  process, 
bnt  as  a  rule  the  safest  way  ont  of  the  difficulty  is  to 

tiitnate  the  carbon  by  the  combustion  method. 
•G. 


Okterhination  op  Grai'ititk  in  Stekl. 


FGrophite  occurs  in  steel  when  the  latter  has  contained 
t  high  percentage  of  combined  carbon,  and  has  been 
under  the  influence  of  certain  abnormal  physical  condi- 
tions. For  instance,  the  authors  have  found  that  by  pro- 
longed annealing  it  ia  possible  to  convert  mofit  of  the 
carbon  in  a  steel  containing  say  1'5°/  of  that  element 
from  the  combined  to  the  graphitic  condition.  Again,  in 
XOlliug  hard  file  steel,  the  unwelcome  phenomenon  of  a 
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pitrtiiil  separation  of  graphite  Bomefcimea  occurs,  rcBulting 
in  the  production  of  what  ia  technically  known  as  "block 
Btool." 

Tho  determination  of  graphite  ia  often  made  by  dis- 
solving the  steel  in  hydrochloric  acid,  diluting  the  solution, 
oolloctiog  the  insoloble  residue  on  a  paper  filter,  washing 
it  with  hydrochloric  acid  nnd  water,  and  afterwards  with 
caustic  potash  Bolution  and  water,  to  dissolve  out  the 
silica.  The  residua,  or  as  much  of  it  as  ia  possible,  ia 
then  washed  from  the  paper  into  a  platinum  dish — the 
contents  of  the  latter  are  evaporated  to  dryness  —  the 
dish  and  its  contonta  aro  weighed,  strongly  ignited  and 
again  weighed,  and  tho  difference  between  the  two 
weighings  ia  taken  as  graphite,  This  method  ia  a  slovenly 
procesH,  open  to  several  objectionn,  and  the  authora 
strongly  advise  the  student  not  to  use  it.  When  a  deter- 
iniuation  of  graphite  i^  worth  doing  at  all,  it  ia  worth 
doing  accurately,  especially  as  this  occupies  very  little 
more  time  than  the  crude  method  just  briefly  described. 


Determination  of  Graphite  liy  Cnm/imtion. 

Weigh  out  5  grammes  of  tho  steel  into  a  20-oz.  beaker, 
put  on  the  cover,  and  add  cautiously  in  several  portions 
100  cc.  of  dilute  nitric  acid,  spec,  gravity  I  '2.  Digest  tho 
solntioQ  at  about  100=  C,  until  all  the  iron,  and  the  flocks 
containing  the  combined  carbon,  have  passed  into  solu- 
tion; collect  the  residue  on  asbestos  exactly  us  described 
on  page  27,  washing,  however,  first  thoroughly  with  cold 
water,  then  with  very  ditut«  ammonia  (1  oc.  of  liquid 
ammonia,  spec,  gravity  880,  mixed  with  90  cc,  of  distilled 
water),  and  finally  with  hot  water.     Dry  and  burn  the 
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residue,  coUectiug  aud  wnighing  Uie  evoWed  CO,  exactly 
Bs  described  on   page  28  el  »eq.,  ignitiii^,  \ 
sfroi\ghj  as  jiosgiUc,  graphite  being  much  lew 

I  than  tliL-  residue  containing  combined  c 
L  The  Huthors  prefer  to  dissolve  the  steel  in  flilnte  nttne 
Dflteiid  of  hydrochloric  acid,  in  order  to  ebMrfAj  aepmnte 
the  combined  from  ihe  free  carbon.  The  Utter  mod,  it 
is  tme,  evolvoB  most  of  the  carbide  carbon  in  the  ffjna 
of  gs&eous  hydrocarbons,  but  in  high  urlMic  ulecU,  is 
which  only  the  determination  of  graphite  is  hlcely  bo  be 
required,  more  or  less  combined  c^trbon,  which  hatntcaped 
from  or  evaded  combination  with  tie  hydrogen,  rffmsitu 

»witfa  the  graphite  in  the  solid  form.  With  the  KtnmgA 
bfacid  specified,  and  at  the  temperature  given,  the  autlKtm 
are  of  opinion  that  no  graphite  i.t  converted  into  OOf  <it 
pasBCB  into  solution.  Another  advantage  of  mtric  maA  \%, 
that  it  retiUDB  the  silicon  (sometimes  in  the  ctuo  f/f  i*l««l 
castings  prosont  in  considerable  (joantily)  in  Mtlution, 
whereas  HCl  liberates  it  as  gelatinous  nilicic  acid,  which 
aerioualy  impedes  tho  rapidity  of  the  filtration.  TIw 
reason  for  using  cold  water  in  washing  away  ntnitntl  or 
fitiully  add  solutions  of  iron  salts  may  be  hero  stated  onc« 
and  for  all,  Jloi  water  it  very  h'nhle  to  Ihrme  down  pre~ 
eipilatca  oj  utsoMde  liarie  iron  tails  inln  llu:  /inrrs  of  JUter- 
r  or  aihettog.  The  dilate  ammonia  converts  any  fruo 
Ufcric  acid  in  the  residue  or  asbestOB  inhj  nitrate  of  niii- 
lonia,  thus — 

UNO;  +  NH.,  =  {Nn,)NO^ 
iby  ti-acce  of  the  latter   salt  present  on  burning   thu 


rtsidui 
thus— 
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converted    into    wateir    aud    nitrous    oxide 


If  any  niti-ic  acid  romains  in  combination  with  the  grafd 
ite,  it  will  during  the  combustion  be  converted  into  watfl 
and  brown  poroxido  of  nitrogen  gas  thus — 
2  HNO^  =  H.,0  +  2  N0._  +  0 
The  latter  will  be  absorbed  in  the  sulphuric  acid  dryind 
bulb,  forming  nitro-aulphonic  acid. 


TiiK  Action  op  Acids  on  Stkel. 

Hoforo  going  on  to  doscribo  the  estimation  of  denienta 
olIiKr  than  carbon,  it  will  bo  woU  to  tabulate  for  the 
Mtuileut  the  roactiona  of  acids  upon  stoel.  It  is,  however, 
only  neoessary  to  consider  those  obtained  v 

Hydrochloric  acid]    Weak 

^ulphunc  acid        j  oxidants. 

Nitric  acid  1   Powerful 

Aqoa  regi&J  ozidante. 


Hydrochloric  Acid. 
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The  liijuid  usually  known  in  thf  laboratory  by  this 
DAino  ifl  really  u  saturated  solution  of  gaaoous  HCI  in 
wftU'r:  it  h»a  a  spot',  gravity  of  about  12,  and  contains 
appmsiiimtcly  about  40%  of  true  UOl.  The  reactions 
of  tliii  alroug  solution  on  the  elements  of  steel  may  bo 
foriiinlatDil  thufl — 

froH  VHCunvortwl  into  pulc-groen  ferrous  chloride,  whii 


iotj 


liowever,  to  ■ 
witb  the  a 

monient  of  its liliiiiiiiiM  (m  i 

the  troD,  oxidiaed  by  tte  n 

silicic  acid  witb  aa  enlMJOB  cf  bjAn^gaa,  C 

4  a,0  =  H,8iO,  +4H.  n»  ^Kx  wai  wm 

finspeoded  uid  pvtly  dJMolTBd.  m  Ae  aoA. 

Manganeaee 
liberates  bTdrogen  from  thm  «ead,aad  v 
aa  roanganoM  eUoride,  ttaa — 

jr«  +  2  HCT  =  JfaCl.  +  2  H 

Sulphur exi&tmg  aa  wilpliide of  ifon  ia  totaOj  oosTcriad 
into  invisiblie  salpfaoretted  bjdrogra  gas,  which  cscapea, 
thns— 

F^8  +  2  HCl  =  P^I^  +  B/^ 

I'hoiiihoru*  oxistjng  as  phosphide  of  iron  remains  to  a 
slight  exteDt  in  solntion  as  phosphoric  acid ;  most  of  it, 
however,  escapes  as  phosphoretted  hydrc^ea,  Ffl]t. 

Ar»enic  existing  as  arsenide  of  iron  is  converted  by  the 
strong  acid  into  volatile  liquid  arseniooe  chloride  AsCls, 
very  liable  to  escape  aa  vapour. 

Tungsten  existing  alloyed  with  the  iron  and  carboB 
a  chiefly  an  a  dark,  insoluble  residue,  consisting  of 
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H  rnixturo  of  the  metMl  ami  its   lower  oxides,  tlio  latter 
be>iDg  to  eiumo  oxtent  soluble  in  tho  acid. 

Cliromium  esistiDg  alloyed  with  tho  iron  and  carbon 
IB  pvobably  in  tho  fivat  inBtanco  converted  into  blue 
uhrouioua  chloride,  with  evolution  of  LydrogeOj  thus — 
Or +  2  HCl=  OrC/2  +  2  li;  tho  chromoua  Bait,  howevor, 
is  very  rapidly  converted  into  greon  chromic  chloride  by 
atmospheric  oxygen,  thus — 

2  OTGli  +  2  HGl  +0  =  2  CrOl^  +  H.,0' 

A'/cA(j/ existing  alloyed  with  the  iron  and  carbon  evolvea 
hydrogen  from  tho  acid^and  reiiiainfi  iu  i^olution  as  pale- 
green  nickolous  chloride,  thus — 

Ni  +  21ICl'^NiCI^  +  2  11 

Alumixiwn  existing  alloyed  with  the  iron  remains  in 
solution  as  chloride,  hydrogen  being  given  ofl',  thus — 
Al  +  3HGl  =  AWl,  +  -SH 

Copper  existing  alloyed  with  the  iron  is  Bonaetiraea 
present  in  small  quantities,  and  romains  in  solution  as 
green  cupric  chloride,  CuOl^. 

Tiianiiim. — It  is  very  dubious  whether  this  elomont 
is  ever  present  in  commercial  steol  j  if  so,  it  will  bo  con- 
verted into  solublo  titanic  acid,  thus — 

Ti  +  4  F3O  =  H,TiOi  +  4  ff 

Molybdcnwn  existing  alloyed  with  the  iron  and  wirbon 
is  converted  chiefly  into  molybdicaeid  which  remains  in 
solution  unless  present  in  largo  quantities,  when  some 
of  it  separates  out.  Tho  green  colour  of  the  nolution 
obtained  by  dissolving  molybdenum  steels  in  hydrochloric 
acid  is  due  to  the  formation  of  one  of  tho  many  chlorides 


'   111  very  rich  clin 
i)(  iJiromium  luay  t-cii 
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of  this  tuetal,  liut  ibe  chlorides  are  imstsble  in  presence 
of  wat«r,  jieldiog  the  a<.-id  by  Htmospheric  oxidation. 
2  MuVk  +  5  H.,0  +  3(0)  =  2  H.,MoO,  +  ^  HCl 

Vanadium  existing  alloyed  with  tho  iron  and  carbon 
,-  ]iartly  carried  into  solution  probably  aa  an  oxyohloride 
iiii  partly  left  as  a  black  insoluble  residue  containing 
t:irbon  and  iron  also. 

Tanialtim  existing  alloyed  with  tlie  iron  and  earbou  is 
partly  c-arried  into  solution  as  a  c-blorido  and  partly  left 
as  a  bla(.'k  inauluble  residue  containing  carbon  and  iron 
also. 


Sidphuric  Add. 

Tho  coDcontratod  acid,  ap.  gravity  18i3,  practically 
correapondfi  to  the  formula  H^SO^.  Sti'ol  is  Httio  Hulublu 
in  the  strong  liquid,  tho  sutphatos  formed,  being  inijoiuble 
in  the  acid,  coat  the  metal  and  protect  it  from  further 
action.  The  dilute  acid  used  as  a  solvent  for  steel  ia  nimlo 
up  of  one  volume  of  tho  stroDg  acid  and  six  volumes 
distilled  water.  The  action  of  the  dilute  a«id  on  steols  is 
almost  perfectly  analogous  to  that  of  HOI,  only,  of  course, 
the  corresponding  inetalHc  sulphatoa,  FvSOi,  Al^  (SO,)-.,, 
etc.,  are  produced.  As  a  rule,  HOi  is  tho  moat  convenient 
to  use,  but  when  it  is  desired  to  retain  the  solution  of 
iron  in  the  ferrous  conditiou,  sulphuric  acid  is  distinctly 
superior,  because  ferrous  sulpbato  [FuSO,)  is  not  noarly 
so  readily  oxidized  by  the  air  to  ferric  sulphate  (\M'j(iVO')*) 
as  ia  ferrous  chloride  [FeOI.^)  to  ferric  chloride  (Fi:Ol^). 

Aricnir,  however,  remains  as  dark  arsenide  of  iron, 
liiible  to  be  converted  into  arsenious  aeid  A»{IIO)g,  and 
some  of  tho  latter  may  be  reduced  by  tho  action  of  the 
naeoent  hydrogen  AsH^  being  evolved. 
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Nitric  Acid. 
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The  Btpong  acid,  ap.  gravity  1'43,  contains  about  68% 
of  true  HNO^j  it  has  no  action  on  steel  in  the  cold  (the 
metal  aasuining  what  is  known  aa  tbo  passive  condition), 
and  even  on  lioiling  the  dissolution  is  very  slow.  The 
acid  used  for  u  steel  solvent  baa  a  specific  gravity  of  1"2, 
and  contains  about  34%  of  true  HNO3.  The  attack  of 
this  dilute  acid  on  stcol  ie  violent.  Tbo  reactions  taking 
place  are  aa  follows: 

Iron  is  converted  iuto  pale-green  ferric  nitrate.  Fe 
(NO;i)s,  which  remains  in  solution,  and  the  brown  oxides 
of  nitrogen  iV^O^  and  NO.,  are  thrown  off. 

Carbon  has  already  been  dealt  with  in  the  article  on 
the  colour  test  (see  p.  41). 

(irai>hite. — The  dilute  acid  doea  not  seem  to  form  any 
volatile  or  soluble  carbon  compounds  with  this  subatanco. 
It  is  possible,  however,  that  the  graphite  absorbs  or  forms 
weak  compounds  mth  tho  acids  and  gases  present. 

Silicon  remains  in  solution  as  silicic  acid,  which  appears 
to  form  with  tho  nitric  acid  and  nitrate  of  iron  some  com- 
pound whioh  doea  not  decompose  when  heated  at  2S0°  C, 
and  ia  soluble  in  HOt.  Tho  silica,  however,  eeparatea  on 
evaporating  down  the  last-named  solution. 

Mantjancee  remains  id  solution  as  manganous  nitrate 
Mn(NO.,)^. 

Sulphur  is  oxidized  to  sulphuric  acid,  and  remains  in 
solution  as  ferric  sulphate  Fn.J{80^)3. 

Phosplwruit  ia  oxidized  to  phosphoric  acid,  and  remains 
in  solution  aa  phosphoric  acid. 

Ar»enie  is  oxidized  to  arsenic  acid,  and  remains 
solution  as  arsenic  aoid. 
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t^tngtte^  ii  oxidized  to  tungstic  iwid,  ff.H'O,,  whiofa 
B  into  solation.  In  s«If-hardeiuii^  steels,  however, 
"  *i  the  percento^  of  tungsten  is  rery  high  (lOV), 
n  of  the  metal  ia  precipitated  as  insoluble  yellow 
WO,. 
Chrvmium,  when  preeent  in  small  quantities,  panes 
a  solatioD  as  chromic  nitrate  (^r^<VO])x.  When,  bow- 
ir,  it  is  prvsent  to  any  greiit  extent,  it  remaiua  in  the 
irin  of  iusLilublo  metallic  scales  of  impure  ohrouiinm. 
Nickel  passes  into  solution  as  nickelons  nitrate   Ni 

■0.V  , 

Aluminium  remaiuB    in    solution    as  alumiuiu    nitrate 

Cofiper  paascd  into  solution  as  cupric  nitriite  Ou(.VO,)t. 

Titanium  in  oxidized,  and  remaius  dissolved  as  titanic 
Kid  B.TiO,. 

Moly'"1e*ium  is  ■.ixidijiiKl  to  inolybdic  acid. 

Vanadium  is  oxidis^  to  metavanadic  acid  and  rL-miiius 
1  solution. 

TayUalutit  is  oxidised  to  faydrated  tAUtalic  oxide  (TotOt, 
)  and  remains  partly  in  solution  and  partly  in  sua- 


Nitro-/ii/drochlortc  Acid  or  Aqua  Re^ji'j. 

On   mixing  together  strong  nitric  and  hydrochloric 
joids,  the  two  combine  and  form  a  yellowiBh-red  fluid  of 
t  use  as  ft  powerful  oxidizing  agent.   The  liquid  con- 
tains in  solution  two  gases,  namely,  deep  yellow  nitrosyl 
chloride  and  free  chlorine.   Tbe  reaction  may  be  expressed 
_thns— 

HCl  +  HNO,  =  NOOl  +  Cl^  +  2  B.O 
e  pur]>oaes  of  ateel  analysis  this  re-agent  should 


I 

I 

I 
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be  made  by  mixing  four  voluiiios  of  concentrated  hydro- 
chloric acid  solution  aud  oue  volume  of  etrong  nitric  acid 
(sp.  gr.  I'43).  These  proportions  are  important  in  con- 
nection with  a  point  bearing  upon  the  estimation  of 
silicon,  which  will  be  referred  to  later  on  (vide  infra). 
When  the  liquid  has  acijuircd  its  full  colour,  which  will 
be  in  the  course  of  a  few  hours,  it  is  ready  for  use.  Its 
reactions  upon  the  elements  of  steel  are  in  aome  instances 
Bimilar  to  tho^c  of  nitric  acid,  whilst  in  certain  cases  they 
are  the  same  as  those  obtained  with  HOI. 

Iron  is  violently  attacked,  and  passes  into  solution  as 
deep  yellow/ome  chloride  FeCl^  (HOI  alone  yieids/errcwts 
chloride  FcCl^). 

Oomhined  carbon  is  no  doubt  to  aome  extent  oxidized 
to  00-2,  but  the  greater  portion  passes  into  solution,  and 
on  evaporating  the  liquid  separates  out  in  the  form  of  a 
finely -divided  brownish  precipitate. 

Graphite  is  possibly  to  a  small  extent  oxidized  to  OO^, 
but  the  bulk  of  it  remains  aa  an  insoluble  residue.  It 
is  probable,  however,  that  it  forms  a  weak  compound 
with  the  aeids  and  gases  present.' 

Silicon  is  oxidized  to  silicic  acid,  most  of  which  passes 
into  solution:  it,  however,  entirely  deposits  on  evapora- 
tion to  dryness  as  insoluble  SiO^,  providing  the  volume  of 
strong  hydrochloric  acid  before  apocificd  is  used  for  tlic 
preparation,  of  ike  re-agent.  If  too  much  nitric  acid  is 
present  the  whole  of  the  silica  ia  not  rendered  insoluble, 
some  of  it  passing  into  solution  again  when  the  dry  masa 
is  taken  up  in  BOl. 

'  Brixlic  liiu  sliiiwii  that  uitro-iiut|>hari<!  acid  act«  apprcciiibly  njxm 
gTAphitc,  roniiiiig  a  uumpounil  whi'ah,  when  igiiitcil,  pives  oil'  oxygen, 
hyiirogen,  nnd  sulphuric  anhydride  SO,,  leaving  ii  finely-il'  " 
reiiidae  ofiiiiro  grapliito. 


MRTAI.S  «1 

ifangajff  rcmaina  in  solutioQ  as  manganous  cliloride 

r  is  oxidized,  and  paasosi  into  nolulion  as  yolloir 
;  Bulphftto  R.,{SOt)s. 

'haaphorus    is   oxidiaeil,   and    roinaina   dia»olved    as 
thoapboric  acid. 
Armnic  ia  converted  into  arnenlR  acid,  and  on  evapnr- 
i  to  dryness  some  liquid  chloride  AaGI^  ia  formed, 
'i  vaporizes  and  epcapea. 
Tumjgtmi    is   oxidized,   being  partly  converted    into 
bsolnble  yellow  WO..,  and  partly  into  the  hydmted  acid 
\W0^,  which  passes  into  solution. 
CAromtMm  isdisHolved  to  green  chromic  chloride  CrCl.,. 
If,  however,  a  conBidorable  percentage  of  the  element  is 
present  an  insoluble  metallic  residue,  rich  in  chromium, 
remains  iinaeted  upon  by  the  acids.' 
I        Nickel  paasCfl  into  solation  as  JVtC/^. 
I      Aluminmm  is  dissolved,  forming  colourless  aluminic 
PeJiloride  AlOI^. 

Copper  passoB  into  solution  as  grB*n  cupric  chloride 

Titanium  paaaes  into  solution  as  colourless  titfinio  acid 

Molybdenum,  Vanadiuvi,  aud  Tantalum  are  oxidiised 
to  the  acids  corresponding  to  the  oxides  MoO^,  FjOj  and 
Ta^O^  respectively. 

A  careful  study  of  the  foregoing  roactions  will  give  to 
the  student  a  good  idea  why  a  certain  acid  should  be  used 
in  tbe  first  stage  in  the  estimation  of  a  certain  element, 
and  yet  must  be  carefully  avoided  in  tho  preliminary 
solution  having  for  its  object  the  detonnination  of  some 
other  element. 
'  This  meloliic  rcsidut  Is  n'mnlly  free  from  siilpliiir  tiii<]  iilms|,lLorus. 
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The  Determination  op  Siucon. 


I 


In  the  literature  of  iron  and  steel  analysis  it  may  be 
often  noticed,  that  the  authors  inaiat  very  strongly  on  the 
nect'ssity  in  making  an  estimation  of  silicon  of  <je termini ug 
how  much  exists  as  &'  combined  with  the  iron,  and  how- 
much  as  SiOi  in  the  involved  slag.  In  modern  well- 
fuBod  steels,  except  locally,  and  as  the  result  of  some 
accidental  and  abnormal  circumstance,  there  is  practically 
no  slag.  In  high-class  wrought  irons,  such  aa  Lancashire 
hearth  Swedish  rolled  bars,  there  are  found  under  the 
microscope  formidable-looking  streaks  of  dark  cinder; 
yet,  when  the  iron  is  analyzed,  the  total  silicon  will  be 
found  to  be  about  0'02%.  In  low  grade  English  bars, 
however,  the  slag  is  present  in  much  larger  quantities: 
certain  sections  under  the  microscope  appear  indeed  to 
contain  more  slag  than  iron.  It  may  be  that  occasionally, 
forresearch  purposes, an  estimntionof  theslag  [and  its  com- 
position) in  wroughtiron  is  required,  but  from  an  every- 
day, practicalpointof  view  the  subject  may  be  at  once  dis- 
missed. There  is  an  analytical  tradition  to  the  effect  that 
when  iron  containing  silicon  in  combination  is  dissolved 
in  strong  hydrochloric  acid,  some  silicarettod  hydrogen 
gas  Siifj  is  evolved,  and  that  consequently  the  results 
are  liable  to  bo  low.  It  is  therefore  usually  deemed 
necessary  for  the  determination  of  silicon  to  employ  either 
aquaregia  or  nitro  sulphuric  acid  as  a  preliminary  solvent, 
in  order  to  prevent  the  formation  oi  SiH,.  These  pre- 
cautions knock  down  a  man  of  straw,  as  the  evolution  of 
SiHf  is  a  myth.  The  results  given  by  the  aijua  regia 
process  and  by  Drown's  nitro- sulphuric  method  '  are 
'   Tbb  iiiviLoil  is  ileacrib«<l   under  the   aDuljsla  of  pig-iron   oa  ,_ 
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lite  accDratc-,  but  the  evaporation  takes  longer,  and  the 
Tumes  are  more  irritating  than  when  HCl  ia  used.  The 
authors  some  years  ago,  by  means  of  triplicate  estima- 
tions on  many  samples  of  steel  occarring  in  ordinary 
laboratory  practice  proved  the  resalta  obtained  by  the 
three  methods  to  be  identical,  and  the  following  figures, 
obtained  in  the  laboratory  of  the  metallurgical  depart- 
ment of  the  Sheffield  University  by  Messrs.  McWilliam 
and  BrnntoD,  establish  it  conclusively: 
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TABLE  n.— moH  SIIIOON  STEEL. 


""            oIsSS* 

Solf.nt. 

W*.«»C. 

ai'L 

1  1        3 

2  1        3 

HCl 

0-2768 
02?88 

430« 
4-337 

3 

4 

3         aquaregia 

3        ,     .,        .. 

0-2?19            42?6 
0-2784           4-331 

A   final  attempt  was  made  to  evolve  SiH,  from  the 

high  silicon  steel  under  specialty  favourable  conditions. 

The  hydrochloric  acid  was  allowed  to  act  upon  the  driil- 

iogs  in  the  cold  for  eighteen  hours  in  an  atmosphere  of 

rogen:  the  evolved  gases  were  passed  through  aqua 

igia  to  oxidize  any  SiHf  given  off  to  silicic  acid.     The 

icon  in  the  Hask  in  which  the  steel  had  been  treated, 

id  that  present  in  the  aqua  regia,  were  then  estimated 

the  usual  manner  with  the  following  results: — 


Weigbt  in  grsmmM  «t 

Si-K 

SiO,  in  flaik 
iStOgin  aqua  regia 

U'2713 
000  lU 

4-223 

0-016 

Total 

0-2723 

4239 
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The  foregoing  series  of  experiments  conclusively  prove 
that  no  silicon  is  evolved  as  SiHi  when  ateel  is  dissolved 
in  kydrochloric  acid  solutioD. 


The  Process. 

tCTime  occupied,  abont  3  honra.) 
Weight  taken, — Weigh  out  i-67  grammea  of  drillings 
into  a  20-oz.  beaker. 

Dieeolving. — Put  on  the  cover,  and  add  down  the  lip 
60  cc,  of  strong  hydrochloric  acid  solution.  Place  the 
beaker  on  the  hot  plate,  and  heat  quietly  until  the  steel 
is  dissolved;  then,  still  keeping  on  the  cover,  hoil  briaUy 
till  the  acid  becomea  quite  thick  with  precipitated  ferrous 
chloride.  To  hasten  the  analysis  the  boiling  should  be 
kept  up  as  long  as  no  spitting  occurs,  and  the  drops  of 
condensed  acid  from  the  underside  of  the  cover  do  not 
endanger  the  safety  of  the  beaker  by  falling  upon  the 
hot  bottom  and  cracking  it. 

Evaporating  to  dryneKS. — Next,  remove  the  beaker  to 
a  cooler  part  of  the  plate,  take  off  the  cover  and  place  it, 
concave  side  downwards,  on  an  earthenware  filter-drier. 
Gradually  increase  the  heat  under  the  beaker,  carefully 
avoiding  spitting,  till  the  mass  is  quite  dry.  Remove  the 
hot  vessel  from  the  plate,  and  hold  it  in  the  hand  till 
fairly  cool:  if  the  heated  beaker  ia  at  once  placed  in 
contact  with  the  comparatively  cold  bench  it  will  prob- 
ably crack. 

Re-diesolving. — When  cool,  replace  the  cover  [nothing 
having  been  lost  from  its  under  surface),  and  add  to  the 
dry  chlorides  enough  strong  hydrochloric  acid  solution  to 
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thoroughly  saturate  them  (an  excess  doea  no  harm). 
Heat  for  a  few  minutes  with  the  strong  acid  till  the 
chlorides  have  lost  any  red  appearance;  then  add  about 
75  cc.  of  water,  and  boil  well  till  every  particle  of  chloride 
of  iron  ia  disBolved, 

Filtering. — Next  collect  the  precipitate  of  silica  on  an 
ftshlesfi  filter-paper,  contained  in  a  24-in,  ribbed  funnel 
supported  on  a  conical  beaker.  First  of  all,  rinse  the 
underside  of  the  cover  into  the  filter,  if  necessary  using  a 
policeman  to  detach  any  adhering  splashcd-up  particles 
of  silica;  then  pour  through  the  solution,  thoroughly 
wash  out  the  beaker,  after  going  over  the  whole  of  the 
inside  with  the  policeman  of  course,  finally,  carefully 
washing  auy  silica  adhering  to  the  latter  ou  to  the  filter- 
paper.    All  tho  washing  must  be  done  with  cold  water. 

Washiiig.  —  Now  comes  tho  point  at  which  moat 
students  at  first  go  wrong  in  estimating  silicon.  Every 
trace  of  iron  ealt  must  be  waghed  from  the  Jiller-pajjcr.  It 
is  not  sufficient  that  no  yellow  tinge  is  noticeable,  the 
paper  must  bt!  washed  repeatedly  and  alternately  with 
hot  dilute  IlCi,  and  cold  water.  The  former  may  be 
heated  iu  a  beaker,  and  should  be  poured  round  the 
edgee  of  the  filter  by  means  of  a  glass  rod;  also  direct 
tho  wash-bottle  jet  upon  the  edges  of  the  paper;  if  these 
are  well  washed  the  rest  of  the  filter  and  the  silica  will 
t:iko  care  of  themselves.  Finally,  thoroughly  wash  with 
cold  water. 

Drying. — As  soon  as  the  last  washings  have  passed 
through,  carefully  transfer  the  paper  from  the  funnel  to 
a  filter-drier,  and  heat  on  the  plate  till  quite  dry. 

Igniting. — Then  fold  it  up  aud  place  in  a  clean,  care- 

fiilly-weighed  platinum  crucible  which  has  been  recently 

^jinuted  aud  allowed  to  cool  in  the  desiccator.    The  tared 
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Foover  of  the  crucible  may  be  left  in  the  balance- case. 
Ignite  tho  crucible  and  its  contents  in  the  muffle  till  tho 
eilica  iB  snow  white. 

Weighing. — Allow  the  crucible  to  cool  in  the  desic- 
cator, put  on  tho  cover,  and  carefully  re-weigh.  The  in- 
crease over  tho  original  weighing  is  SiO.^,  containing 
46'7%  Si,  The  weight  of  the  silica  multiplied  by  10 
gives  the  percentage  of  silicon  in  the  steel. 


^^. 


MeiJiodsfor  Special  Steels. 


/The  foregoing  process  is  not  applicable  to  tungstea 
lels,  a  method  for  which  is  given  on  p.  161. 
In  the  case  of  chrome  Bteels,  it  often  happens  that  after 
carrying  out  the  above  method  the  silica  is  not  white, 
owing  to  the  presence  of  a  little  oxide  of  chromium.  This 
should  bo  separated  by  adding  to  the  crucible  containing 
the  impure  8i0^  about  2  grammes  of  pure  acid  potas- 
sium sulphate  KHSO,;'  the  latter  ia  cautiously  heated 
till  fused,  then  more  strongly,  till  white  fumes  of  auU 
phuric  acid  are  given  ofl';  when  cold,  the  mass  of  potas- 
Binm  sulphate  is  dissolved  out  with  dilute  hydrochloric 
acid,  and  the  purified  silica  is  filtered  off,  washed,  dried, 
ignited,  and  weighed  exactly  as  before  described. 


Theory  of  the  Process. 


The  hydrochloric  acid,  as  already  .fhown  {p.  55),  con- 
verts the  silicon  into  silicic  acid.  In  steels  containing 
gfiuch  over  0'1%   of  silicon,  some  of  the  ailica  will  be 


F 


•ijr;  ■v<Trs/> 


C4tM(  t/j  tlie  fiilica  a  dirt)'  appearance,  iul,  on  being  bnrnt 
«|;1mvm  it  >  ■aov-wfaito  powaw.  If  the  imdM  Im  » 
rarUiab  tia^  or  k  deep,  retj-tirown  rii^  of  JV>t  round 
U,  Uw  fiJter-papor  has  not  bocn  properly  waelied.  If  the 
ifloitifM  biM  Dol  been  otniug  enough,  the  precipitate 
mmy  Uv  (fray  with  carbon,  oapeciallr  in  steel  containing 
Ifn^thiU:  wtiich  reqaires  a  proUmKod  burning.  In  weigh- 
iHli  tin.  |;r»)f:ipitate,  it  should  be  always  rememlwred  that 
HlOf  i»  vmy  hyjroteopic,  and  unless  proper  precaution  is 
^kfU,  *\m'ir\>tn\  a<(ueona  vapour  may  cause  the  reaolt  to 
\tu  tuiiuriiiA  higher  than  is  actually  the  case. 

'\%m  rtrntfiit  f«r  taking  467  grammes  of  steel  is  to  do 
•mn<f  wtMi  my  fwlculntion.  This  weight  is  ^^  the  amount 
vt  Hi  "(KiUlww'l  In  100  parts  of  8i0,,  hence  the  weight 
'■""■    ilO~"/„Hi. 

\u,  \.\if  iiNlilr>M  (iltwB  of  the  size  used  in  a  2J-in. 


fuimel  leave  a  negligible  reaidue:  if  not,  J  the  weight  of 
the  residne  left  by  igniting  five  papers  in  the  aame  packet 
as  the  filter  nsed,  must  be  deducted  from  the  weight 
obtained. 

Model  of  Record. 

as  Jan.  '84.  Axle  Rtflel.  Blow  No.  1'24. 

Veight  taken  4'67  grnmmea. 


0-0064  =  S.O,  +  a»li. 

weigU  of  filter  Hxli. 
X  IO  =  0-0.'58"/„  Si. 


4-67)-27086{0'M8°/.  Si  as  above 


The  reactions  taking  place  during  the  parifioation  of 
le  silicon  contaminated  with  Cr^O^  are  as  follow:  the 
lid  sulphate  on  heating  strongly  forms  the  normal 
dphatOj  and  gives  off  snlphuric  acid  thus — 2  BKSOt  — 
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K^SO,+  E^SOi-,  the  latter  in  contact  with  the  oxide  of 
chromium  at  a  comparatively  high  temperature  converts 
it  into  soluble  chromic  anlphate,  thus^ 

Cr.Os  +  3  E^SO,  =  Cr^{80,)s  +  3  S,0 
The  ailica  is  left  mechanically  mixed  with  the  mass  of 
sulphates,  and  the  latter,  being  quite  soluble  in  dilute 
hydrochloric  acid,  are  dissolved  whilst  the  insoluble  SiO^ 
remains  as  a  white  residue. 


Gravimetric  Detekmination  op  Manoanksi 


Prepo 


(Re-agent  required  {C2H.^0^)  NRt.) 
■tiHon. — A  strong  solution  of  ammonium  acetate 


ia  best  made  in  the  following  manner : — Place  in  a  40-oz. 
beaker  100  cc.  of  pure  liquid  ammonia  880,  and  add  to  it 
tho  British  Pharmacopeia  solution  of  acetic  acid  con- 
taining about  335{  of  true  G^TTfin  till  the  liquid,  after 
thoroughly  stirring,  turns  blue  litmus  paper  red:  a 
volume  of  acid  several  times  greater  than  that  of  the 
ammonia  will  be  required.  Preserve  tho  solution  in  a 
well- stoppered  bottle.  It  should  be  colourless,  and  form 
no  dark  deposit:  if  the  latter  precipitates  the  re-agent  is 
not  fit  to  use,  the  acid  having  beeu  impure  with  tarry 
matter,  which  may  seriously  interfere  with  tho  sharp 
separation  of  the  manganese  froni  the  iron.  The  reaction 
taking  place  between  tho  ammonia  and  the  acetic  acid  is 
as  follows: 

AmSO  +  CiH,0.,  =  Am{C^H^Oi)  +  EJJ 
Ammonium   hydrate  and  acetic   acid 
acetate  and  water. 


The  Ammonium  Acetate  Process. 

Mr.  A.  A.  Blair,  in  his  admirable  compilation  of  the 
t  varions  methods  proposed  for  iron  and  Bteol  analysis, 
'  remarks  that  the  acetate  method  for  the  dotormination  of 
mangnneae  is  tedious,  and  for  low  manganese  steels, 
objectionable  on  accoont  of  the  fact  that  only  one 
gramme  of  the  steel  can  be  conveniently  operated  upon, 
There  is  no  doubt  that  if  it  wpro  necessary  to  go 
through  the  series  of  chemical  gymnastics  advocated  by 
Mr.  Blair,  the  acetate  method  would  bo  found  to  be  ex- 
tremely tedious,  but  fortunately  for  steel  analysts,  such 
necessity  does  not  exist.  Aa  a  matter  of  fact,  an  accurate 
determination  of  the  manganese  in  2  or  3  grammes  of 

IBteel  can  be  readily  made  by  the  acetate  process  in  abont 
fear  hours. 


The  Method. 


i 


Wt^ght  laken. — For  ordinary  steels  weigh  out  into  a 
40-02.  beaker,  marked  oo  the  side  at  450  cc,  exactly  2'4 
grammes  of  steel. 

JKitol-muj  — Cover  the  beaker,  and  add  down  the  lip 
lO  cc.  of  fuming  hydrochloric  acid.  Very  quietly  boil  the 
id  on  a  hot  plate  till  the  steel  has  diasolved,  then 
add  3  cc,  of  strong  nitric  acid  (sp.  gr.  l"43)i  boil  for  two 
minutes,  and  dilute  with  hot  water  to  the  450  cc.  mark. 

Neutraliziiig. —  Heat  the  liquid  to  incipient  boiling, 
remove  the  cover,  rinsing  the  liquid  upon  ihe  underside 
into  the  beaker,  next  add  to  the  solation  dilute  liquid 
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ojamoaW  little  by  little,  and  finally  drop  by  drop,  with 
constant  stirring  till  the  solution  haa  bocome  much  darker 
in  colour,  and  a  faint,  permanent  precipitate  has  produced 
a  alight  turbidity.  Carefully  avoid  over-shooting  this 
point  by  a.  too  rash  addition  of  ammonia.  Tho  above 
nentralization  must  be  carried  out  with  great  care,  the 
liquid  being  well  stirred  at  a  nearly  boiling  heat  with  a 
glass  rod  after  each  addition  of  ammonia  till  the  precipi- 
tate at  first  formed  is  re-dissolved,  being  also  careful  to 
work  down  into  the  solution  any  precipitate  which  may 
adhere  to  the  sides  of  the  beaker, 

Preaipitatitig  the  iroti. — Next  add  50  cc.  of  cold  am- 
monium acetate  solution  little  by  little,  with  constant 
stirring,  then  wash  and  remove  the  glass  rod,  replace  the 
cover,  and  gradually  bring  the  contents  of  the  beaker  to  a 
full  boil,  which  should  be  maintained  for  two  minutes  but 
not  more,  then  remove  from  the  plate. 

HUeritig.^Take  off  the  cover,  let  it  drain  into  the 
beaker,  and  place  it  concave  side  downwards  on  an  earth- 
enware filter-drier.  Pour  the  solution  and  bulky,  dark 
red-brown  precipitate  into  a  clean  flask,  graduated  at  the 
lowerpartof  the  neck  for  605  cc. ;  well  waah  the  cover  and 
beaker  with  hot  water,  of  course  adding  the  washings  to 
the  liquid  in  the  graduated  flask;  nest  by  means  of  the 
wash-bottle  jel.  dilute  tlio  liquid  with  hot  water  to  about 
605"5  cc,  and  render  (he  whole  mass  thoroughly  homo- 
geneous by  stirring  nnth  a  thermometer.  As  the  liquid 
cools,  withdraw  the  thermometer  just  clear  of  it  from  time 
to  time,  till,  after  the  thermometer  has  drained,  the 
meniscus  of  the  fluid  is  coincident  with  the  605  cc.  mark. 
Note  the  temperature,  and  remove  the  thermometer  with- 

'  Mnde  by  nddiitf!  iH  ce.  of  cold  dintillod  water  lo  the  same  volume 
of  8S0  Bmmonia  iDlution. 
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oat  washiDg-  Now  support  over  a  dry  S&sk,  gradnated 
low  down  in  the  neck  at  500  cc,  a  5-in.  ribbed  funnel 
containing  a  dry  filter  of  thick  German  paper,  the  edges 
of  which  are  J  in.  below  those  of  the  funnel :  the  latter 
ahoald  also  be  provided  with  a  6-in,  diameter  cover. 
Poor  the  Hqnid  and  precipitate  very  gently  at  first  upon 
the  filter,  and  allow  rather  less  than  500  cc,  to  pass 
through.  The  glass  coyer  shoald,  as  far  as  possible,  be 
kept  OD  the  fnnnel  during  the  filtration  to  prevent  undue 
evaporation .  The  precipitate  and  the  unfiltered  fluid  may 
now  bo  thrown  away.  Place  the  600  cc.  flask  on  the  heat- 
ing plate  ami  put  in  it  a  clean  dry  thermometer,  and  raise 
the  temperature  to  that  previously  noted;  throw  out  the 
slight  excess  of  liquid  with  the  thermometer,  till,  on 
withdrawing  the  latter  the  meniscus  of  the  liquid  re- 
gisters exactly  500  cc.  at  the  original  temperature. 

Eeetjroratiiig  the  filtrate, — Pour  the  clear  or  very  faintly 
yellow  liquid  into  a  40-oz.  beaker,  carefully  washing  out 
the  flask  with  hot  water,  and  adding  the  washings  to  the 
main  quantity.  Next  boil  down  the  contents  of  the  beaker 
either  briskly  with  the  cover  on,  or  quietly  with  the 
cover  ofi",  to  about  250  cc. 

Removal  of  traces  of  iron. — Filter  the  evaporated  liquid, 
in  which  may  be  suspended  a  small  browu  precipitate, 
through  a  2-in.  ribbed  funnel  into  a  30-oz.  registered 
flask;  carefully  rinse  out  the  beaker  with  hot  water,  and 
well  wash  the  filter  paper  with  the  same;  remove  the 
funnel,  and  thoroughly  eool  the  crystal  clear  liqnid  by 
immersing  the  flask  in  a  trough  of  cold  water,  or  allovring 
a  stream  from  the  tap  to  play  upon  the  flask  whilst  the 
liquid  is  shaken  around. 

Precipitati-ng  the  manganese.  —  When  cold,  add  4  cc.  of 
pure  bromine,  and  give  to  the  liquid  a  circular  motion  till 
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only  2  or  3  small  drops  of  bromine  remain  undissolved, 
and  the  Bolution  has  a  somewhat  deep,  reddish-brown 
colour.  Next  add  qnietly  30  cc.  of  880  liquid  ammonia, 
shake  the  liquid  cautiously  round,  and  placo  tho  flask  on 
the  hot  plate,  keeping  its  contents  just  short  of  boiling 
till  the  liquid  is  crystal  clear,  and  the  dark-brovm  pre- 
cipitate has  gathered  into  rapidly  settling  flocks, 

MUeriwj  off  the  precipitate. — Collect  the  precipitate  on 
an  ashless  filter  contained  in  a  2-in,  ribbed  funnel;  see 
that  every  particle  is  washed  out  of  the  flask,  if  necessary 
calling  in  the  aid  of  a  long  policeman  to  detach  any  ad- 
hering film  or  flocks.  Wash  tho  paper  and  its  contents 
thoroughly  with  hot  water,  allow  to  drain,  and  dry  it  in 
the  manner  already  described  for  the  estimation  of  silicon 
(see  page  66}. 

Igniting  and  weighing. — When  quite  dry  fold  the  filter 
and  place  it  in  a  platinum  crucible,  previously  carefnlly 
ignited,  cooled  and  tared,  and  strongly  ignite  in  a  gas 
muffle  for  16  minutes.  Allow  the  crucible  to  go  quite 
cold  in  the  desiccator  and  re-weigh.  The  increase  is  due 
to  Mn^O^  containing  72%  of  metallic  manganese,  The 
calculation  must  be  made  on  the  basis  that  tho  steel  con- 
taining the  manganese  weighed  3  grammes.  The  colour 
of  tho  precipitate  should  be  a  not  very  deop  rod-brown: 
it  should  be  powdery,  and  free  from  any  lumpy  appear- 
ance, otherwise  oxide  of  iron  is  probably  present.  As 
Mn<iOi  is  not  hygroscopic,  it  may,  without  sensible  error, 
be  carefully  brushed  out  of  the  crucible  on  to  tho  foil  of 
the  balance-pan  and  weighed  direct. 


ft 


Cotorimetric  Determination  of  Ferric  Oxide  in  the 
Manganese  Precipitate. 


If  any  doubt  psistB  as  to  the  purity  of  the  precipitate 
'from  FeJ)g  (or  if  it  has  not  been  deemed  necessary  to 
evaporate  the  filtrate  containing  the  manganese  to  half 
bulk) ,  the  latter  should  be  tested  for,  and  if  present,  eati- 
mated  colorimetrically,  the  weight  found  being  of  conrae 
deducted  from  that  of  the  M'n^O^. 

Standard  irffti  solution. — Make  a  standard  solation  of 
■ic  chloride  by  dissolving  in  a  small  covered  beaker 
'0701  gramme  of  clean  drillings  of  pure  Swedish  bar 
iron  {containing  99'8%  Fc]  in  15  cc.  strong  HOI, 
When  tho  metal  ia  in  solution  add  to  the  ferroua  chloride 
3  drops  of  nitric  acid,  ap.  gr.  1'4S.  Briskly  boil  the 
ferric  chloride  for  a  few  minutes,  and  then  gently  evap- 

ite  it  to  very  low  bulk,  dilute  and  transfer  every  trace 
■of  the  iron  solution  from  the  beaker  and  cover  into  a 
1000  cc,  flask,  and  fill  to  the  mark  with  distilled  water. 
Next  pour  the  litre  of  liquid  into  a  large  beaker,  which 
most  be  clean  and  cjuite  dry;  stir  thoroughly  with  a  glaaa 
rod,  and  pour  back  into  the  flask:  by  this  treatment  » 
homogeneous  liquid  ia  obtained  corresponding  to  00001 
gramme  of  Fe^O^  in  each  cc.  It  should  be  transferred  to 
a  well -stoppered  bottle,  and  its  strength  legibly  labelled. 

Estimation  of  the  iVoji.^ — ^Bmsh  tho  manganese  pre- 
cipitate into  a  small  beaker,  put  on  tho  cover,  add  a  few 
CO.  of  strong  HOI  to  disBolve  the  precipitate,  and  boil 
briskly.  If  any  appreciable  quantity  of  iron  is  present, 
the  eolation  will  have  a  yellow  colour:  quietly  evaporate 
off  most  of  the  acid,  and  dissolve  up  the  semi-dry 
chlorides  in  2  cc.  of  water.    Drain  the  solution  into  ft 
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20  cc.  graduated  tube,  rinse  out  of  the  beaker  and  add 
to  tba  main  liquid  every  trace  of  chloride  aolntion,  using 
altogether  about  6  cc.  of  water  at  three  timea.  Now  add 
to  the  tube  1  cc.  of  a  coiouWeas  solution  of  sulphocyanide 
of  amraoninm  containing  about  5%  of  the  salt;  '  add 
distilled  water  to  10  cc,  and  thoroughly  mix  the  con- 
tents of  the  tube.  If  much  iron  is  present  tbo  liquid  will 
be  l)lowI-red  in  colour,  and  even  if  mere  traces  of  iron 
are  contained  in  the  manganese  precipitate,  a  pinViah 
tingo  will  be  developed.  The  student  with  a  little  oi- 
porience  will  be  able  to  judge  at  once,  roughly,  the 
weight  of  oxide  of  iron  present.  If,  as  is  generally  the 
case,  only  a  moderate  colour  is  produced,  deliver  from  a 
20  cc.  burette  graduated  in  tenths  into  another  graduated 
20  cc.  tube  exactly  1  cc.  of  the  standard  iron  fiolution; 
add  8  cf.  of  water  and  1  cc.  of  the  aulpho-cyanido  solu- 
tion, rnix  well,  and  compare  the  tints  of  the  liquids  in 
the  two  tubes  in  the  manner  already  described  on  p.  49 
for  the  estimation  of  carbon  by  colour.  If  the  standard 
is  the  darker,  the  oxide  of  iron  present  may  be  ignored, 
being  under  -njofj^  of  a  gramme;  if  the  tints  aro  equal 
the  oxide  weighs  that  amount;  if,  however,  the  standard 
is  lighter  than  the  solution  of  the  precipitate,  make  up  a 
fresh  standard,  taking  2  cc,  of  the  iron  solution,  7  cc.  of 
water,  and  1  cc.  of  sulphocyanide  solution,  If  the  stan- 
dard is  still  too  light,  make  up  fret^h  standards,  advanc- 
ing by  YQifUQ  of  a  gramme  of  oxide  tilt  the  required 
coincident  tint  is  obtained.  The  last  standard  will  be 
made  up  of  9  cc.  of  iron  and  1  cc.  of  sulphocyanide 
solution,  giving  a  colour  corresponding  to  0'0009  gramme 
of  ferric  oxide,  or  a  -|-  error  of  0'032^  manganese  on 

'   An  excesB  must  be  arniiied,  as  it  ile^trojB  the  coloui 
other  hand,  too  little  fails  tn  develop  the  full  tint. 
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Ht:  grammes  of  steel.    When  such  an  error  is  approachod 

^t  is  indicative  of  some  violation  by  the  student  of  the 

instractiona  previoasly  given.  It  may,  however,  be  due  to 

the  use  of  impure  re-agenta,  introducing  during  the  an- 

ftlysis  organic  substances  other  than  acetates  which  have 

fevented  the  complete  separation  of  the  iron.    With  pure 

^agents  and  sk  ilTul  manipnlation  the  amount  of  Fe^Og  sei- 

n  exceeds  0-0002  gramme,or  a  +  error  of  0-0077o  Mn, 

The  reaction  taking  place  betwuen  the  ferric  chloride 

|Dd  the  ammonium  aulphocyanide  (or  thiocyanate)  is  as 


\  Ferric  chloride  and  ammonium  thiocyanate  yield  ferric 
tocyanate  and  ammonium  chlorido. 


Model  of  Record  and  Ctdculation  of  Mfsuli. 
I  Feb.  2,  1BS4. 

rSetimfttion  nf  manganese  in  opeii-hcai'lh  steel  dnllmgs  marked 
'~    Weight  of  steel  taken  'J'4  grammeg. 


Crucible  +  Mn,0 

=  2i)'6467 

Weight  of  crucible 

=  '29-6283 
■0184 

ash  -0003 
-0181 

-  Fe^O^  by  ec 

lour   0003 

Mn,0 

=      -0179 
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Theory  of  the  foregoing  Modi^cat'ton  of  the 
Acetate  Process. 

The  authors  long  ago  discarded  the  use  of  nitric  acid 
for  the  proliminary  solution  of  the  ateol.  This  acid,  which 
posaeases  tho  advantage  of  at  once  yielding  the  iron  in 
the  ferric  condition,  also  brings  into  solution  the  brown 
organic  matter  containing  the  carbon.  This,  when  pre- 
sent in  some  quantity,  as  in  the  case  of  tool  steel,  has  a 
decided  tendency  to  prevent  the  complete  precipitation 
of  tho  iron,  retaining  a  small  quantity  in  solution  till  the 
final  precipitation  of  the  hydrate  of  manganese  with 
mine  and  amiDonia;  it  will  then  of  course  be  found 
with  the  ignited  ifn-,0,  as  Fe./)^. 

The  nitric  acid  added  to  the  solution  oi ferrous  chloride 
oxidizes  (chlorinizes)  it  to  ferrio  chloride,  thus: 

FeOl,  +  HNO^  +  ROl  =  feOk  +  H,0  +  NO, 

Pale-green  ferrous  chloride,  nitric  and  hydrochloric 
acids  yield  yellow  ferric  chloride,  water,  and  the  deep 
brown  gas,  peroxide  of  nitrogen.  The  manganese  remains 
as  manganoui  chloride  MnOij,  and  an  indispensable  con- 
dition for  the  process  is,  that  no  ferrous  chloride  must  be 
present,  because  ferrous  acetate  is  soluble  in  water  acidu- 
lated with  acetic  acid.  During  the  neutralization  with 
ammonium  hydrate,  the  freo  hydrochloric  and  nitric 
acids  are  converted  respectively  into  neutral 
chloride  and  nitrate,  thus: 

HOI  +  AmSO  =  A  mCl  +  M.,0 

RNO3  +  AmEO  =  AmNO;  -t-  H.O 

t'he  further  addition  of  ammonia  beyond  the  point 

neutralization  of  the  free  acids  results  in  the  formation 
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of  highly  basic  ferric  Baits  before  the  formation  of  a  per- 
manent  precipitate.  (See  theory  of  estimation  of  nickel, 
p.  194.) 

On  tlie  addition  of  ammoniam  acetate,  the  iron  is 
precipitated  as  an  indefinitely  constituted  mixture  of 
ferric  acetate  and  hydrate  [«  J?Cj((7jff,0a)B  +  !/  Fe^(RO\}, 
generally  known  as  basic  ferric  acetate,  and  aome  free 
acetic  acid  is  liberated.  The  complex  rcaotiona  bringing 
about  this  result  are  not  clearly  known,  but  the  precipi- 
tate with  variations  in  composition  varies  in  appearance; 
three  different  types  must  be  mentioned: 

1.  A  rather  dark  red-brown  precipitate,  which  settles 
fairly  rapidly  and  filters  moderately  quickly,  the  filtrate 
being  clear  and  colourless. 

2.  A  slimy  precipitate  of  a  yellowish  red-brown  colour, 
which  filters  very  slowly,  the  filtrate  being  often  coloured. 

3.  A  rapidly  subsiding  brick-dnst  coloured  precipitate, 
the  finely-divided  portions  of  which  usually  pass  through 
the  pores  of  the  paper  wilh  the  filtrate. 

The  first- mentioned  precipitate  is  the  one  the  student 
dionld  always  endeavour  to  obtain.  Its  formation  in- 
Kcatea  a  sharp  separation  of  the  iron  and  manganese, 
&nd  proves  that  the  neutralization  has  been  successfully 
performed.  If  the  practical  instructions  already  given  are 
carefully  carried  out,  the  second  and  third  highly  ob- 
jectionable forms  of  precipitate  will  not  be  obtained. 
When,  however,  some  accidental  departure  from  the  con- 
ditions under  which  ihe  analysis  should  bo  made  results 
in  the  production  of  either  of  these  modifications  of  basic 
ferric  acetate,  it  is  always  advisable  to  start  the  analysis 
again,  and  obtain  the  proper  precipitate. 

KThe  object  of  evaporating  the  solution  containini;  the 
oganous  acetate  to  half  its  original  bulk,  is  to  ensure 
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the  precipitation  of  any  iron  present  in  the  filtrate,  A 
small  quantity  sometimes  remains  diesolred  with  the 
manganese,  but  is  thrown  down  during  the  second  boil- 
ing. The  bromine  is  added  as  an  oxidizing  ngent  to  con- 
vert the  manganous  into  manganic  hydrate  at  the  moment 
of  its  precipitation  with  ammonia.  Manganoua  hydrate 
Mn[H0)2  w  snluble  in  ammonium  salts ;  manganic  hy- 
drate Mn.fi,/^HO)^,  however,  is  quite  insoluble  in  their 
presence,  and  is  therefore  completely  precipitated  thus: 

1.  (0,H,0,)a^"  +  2  AmEO  =  Mn{HO)2+2  {0-^3^0,) 
Am.  Manganous  acetate  and  ammoniuni  hydrate  yield 
manganous  hydrate  and  ammonium  acetate. 

2.  2  Mn  [HO).j  +  Br.,  =  Mn.fi^HO\  +  2  HBr 
Manganous  hydrato,  bromine,  and  water  yield  manganic 
hydrate  and  hydrobromic  acid. 

The  last-named  is  of  course  neutralized  by  the  excess 
of  ammonia  present,  thus: 

3.  HBr  +  AmHO  =  AmBr  +  H./).  Hydrobromic  acid 
and  ammonium  hydrate  yield  ammonium  bromide  and 
water. 

Of  course  these  three  reactions  take  place  practically 
simultaneously,  and  it  will  bo  observed  that  the  bromine 
acts  as  an  oxidant  by  decomposing  water,  combining 
with  the  hydrogen,  and  liberating  the  {nascent)  oxygen. 

The  use  of  a  fixed  alkali,  namely,  sodium  carbonate  for 
centralizing  and  sodium  acetate  for  precipitating,  has' 
been  insisted  upon  as  being  absolutely  necessary  to  en- 
sure success,  because  the  manganic  hydrate  is  alleged 
not  to  be  completely  precipitated  in  the  presence  of  largo 
quantities  of  ammonium  salts.  As  a  matter  of  fact,  the 
employment  of  ammonium  compounds  is  attended  by 
several  advantages  over  the  use  of  sodium  salts,  which, 


A. 


in  ihe  authors' opinion,  produce  instead  of  prevent  error. 
Whore  possible,  precipitations  from  solutions  of  the  fixed 
alkalies  should  always  be  avoided;  there  is  little  doubt 
that  the  belief  in  the  partial  solubility  of  manganic  hy- 
drate in  ammoDium  chloride  and  bromide  arose  through 
chemists  accepting,  without  personal  investigation,  the 
statement  of  Fresenius  to  that  efiect. 

The  ignition  should  be  made  with  the  lid  off  the 
crucible,  in  a  hot  mufflo  furnace,  and  bo  continued  for  ten 
minutes  after  thefiltcr-paper  has  all  been  burned  off,  other- 
wise the  residua  may  not  strictly  conform  to  the  formula 
M^^^0^,  which,  undor  the  above  conditions,  it  will  possess. 
Only  one  other  point  remains  to  be  explained.  The 
latndent,  having  made  oven  one  estimation  of  manganese, 
K^ll  readily  appreciate  the  difficulty  of  washing  the  large 
I  "iron  precipitate  till  free  from  manganese,  and  also  the 
time  that  will  be  thus  lost.  In  the  instructions  given, 
this  difficulty  has  boen  entirely  done  away  with  by  taking 
only  g  of  the  filtrate;  the  manganese  in  the  2'4  grammes 
of  steel  taken  for  analysis  was  obtained  in  a  solution  of 
known  temperature  occupying  at  that  temperature  600  00. 
(The  extra  5  cc,  form  a  correction  for  two  small  sources 
of  error,  first,  the  volume  of  the  precipitate  itself;  second, 
the  slight  concentration  of  the  hot  liquid  from  evapora- 
tion during  filtration.]  Therefore,  in  500  cc.  of  the 
liquid  at  a  like  temperature,  equalling  g  of  the  total 
volume,  there  will  be  contained  the  manganese  present 
in  -§  of  the  weight  of  steel  originally  taken,  and  g  of 
2'4  grammes  =  2  grammes. 

There  is  no  necoasity  in  estimating  manganese  in 
ordinary  steel  to  precipitate  the  iron  twice,  or  indeed,  as 
one  author  recommends,  throe  times.  The  method  just 
dealt  with  gives,  with  a  little  practice,  remarkably  ahavp 
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Eep&rations,  as  will  be  seen  from  the  following  table, 
embodying  results  obtained  on  various  steels  by  single 
and  double  precipitations  of  the  iron : 


Blow  No, 

418  ~ 

0684 

0-684 

= 

419 

0-745 

0-763 

+  ■019 

420 

0710 

0-710 

= 

sex 

0-634 

0-634 

= 

8H 

0-644 

0-655 

+  011 

124. 

1364 

1-357 

-007 

Determination  of  Manganese  in  Special  Steels. 

Nickel  and  copper. — -If  the  steel  in  which  the  man- 
ganese is  being  determined  containa  nickel  or  copper,  a 
portion  of  the  last-nnmcd  metals  will  pass  into  the  filtrate 
containing  the  manganese,  and  although  the  hydrates  of 
nickel  and  copper  are  both  soluble  in  ammonia,  small 
percentages  are  nevertheless  very  liable  to  be  carried 
down  with  the  manganese  precipitate  :  to  prevent  the 
possibility  of  this,  pass  through  the  boiling  manganese 
filtrate  (at  that  stiigo  when  it  has  been  concentrated  to 
260  oc.  to  throw  down  the  last  traces  of  iron)  a  brisk 
current  of  washed  sulphuretted  hydrogen  from  a  Kipp's 
apparatus  for  Sre  minutes.  The  nickel  and  copper  are 
completely  precipitated  as  blnck  sulphides  NiS  and  CuS, 
These  are  filtered  off  along  with  the  previously  precipi- 
tated residue  of  iron,  and  are  well  washed  with  water 
containing  a  little  E-^S  in  solution.  The  manganese  in 
the  filtrate  is  then  precipitated  in  the  asoal  manner  with 
bromine  and  ammonia. 

High  eilieon,  tutigiten,  and  graphite.  —  When  these  sub- 


Btancesare  prescot,  they  remain  siiBpended  in  the  aolution, 
and  may  interfere  with  the  accurate  determination  of  the 
esact  point  at  which  the  liquid  is  neutralized  :  it  ia  there- 
fore advisable  to  commence  the  analysia  on  2'88  grammes 
of  drilliugB,  and  after  the  oxidation  of  the  hydrochloric 
acid  solution  of  the  steel  with  nitric  acid,  to  evaporate 
the  liqaid  to  about  10  cc,  and  then  to  transfer  it  with- 
out loae  to  a  60  cc.  flask ;  dilute  to  the  mark  when  cold, 
mix  the  liquid  thoroughly,  and  filter  off  through  dry 
paper  contained  in  a  2-iu.  funnel  50  cc.  of  the  liquid  into 
a  dry  marked  flask.  This  oO  cc.  of  aolution  will  contain  ^ 
of  288  or  2'-t  grammes  of  steel.  It  is  transferred  without 
loB8  to  the  marked  40-oz.  beaker,  diluted  to  450  cc,  and 
the  analysis  proceeded  with  as  asaal. 

Chromium  and  aluminium. — These  elementB,  although 
their  hydrates  and  acetates  are  under  ordinary  circum- 
stanceB  soluble  in  free  acetic  acid,  are,  under  the  condi- 
tions present  during  the  estimation  of  manganese,  com- 
pletely carried  down  with  the  iron  precipitate,  as  the 
nthora  have  never  found  them  present  in  the  residue  of 

VOLCMBTBIC      DkTE  RUINATION     OF      MaHOANEBE. 

Method  I.     (Ford  and  Williams,  modified.) 
(Time  occupied,  about  1  hour.) 

Re-agents  required. 

I  Pure  iron. — This  must  be  obtained  in  the  form  of  cioan 

fciUinga  from  Swedish  Lancashire  hearth  bar,  preferably 

;,  however,  de  term  inn  tion  of  iuan(;aneHe  in  Uigli-apeed  steels 
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of  tliH  brand  known  aa  "  little  S  "  (^»  which  is  mana-] 
factiired  from  the  middle  bed  Dannemora  ore,  and  usually 
contains  99'85{  of  iron. 

Dilute  solution  of  Kg(Cs^x)fFe.,. — Diasolve  one  small 
fragment  of  this  salt  (usually  known  as  red  prussiate  of 
potash,  or  potassium  ferricyanide)  in  10  cc,  of  distilled 
water,  Thia  solution  should  be  freshly  mads  for  each  set 
of  indications. 

Standard  sohdimi  of  K^Ct^Ot  —  Dissolve  1-7813 
grammes  of  pnre  dry,  selected  crystals  of  potassium  bi- 
chromate in  about  250  cc.  of  hot  water  contained  in  a 
20-oz  boaker.  When  cold,  carefully  transfer  the  solution 
without  the  smallest  loss  into  a  clean  litre  flask;  dilute 
exactly  to  the  mark  with  cold  distilled  water,  and  mix 
the  contents  of  the  flask  till  perfectly  homogeneous.  Store 
this  solution  in  a  woll -stoppered  bottle,  and  label  it  "  100 
cc.  =  0-2036  gramme  Fo,  or  2/'  Mn  on  5  grammes  of 
Bteel." 

The  Process. 

Dissolving. — Dissolves  grammes  of  drillings  weighed 
out  into  a  20-oz.  covered  beaker  in  60  cc,  of  nitric  acid, 
sp,  gr,  1'2,  and  quietly  boil  down  to  about  30  cc. 

Precipitation  of  MnO^. — Nest  add  10  cc.  of  nitric  acid, 
sp.  gr.  1  "43,  and  then  very  cautiously  5  grammes  of  pure, 
dry,  powdered  chlorate  of  potash  {KClOg) ,  boil  for  a  few 
minutes  (of  course  with  the  cover  on),  and  twice  more 
repeat  the  treatment  with  strong  nitric  acid  and  potassic 
chlorate,  thus  using  altogether  30  cc.  of  HNO^  and  15 
grammes  of  KClOs.  After  the  last  addition  boil  well,  re- 
move from  the  plate,  dilute  with  75  cc.  of  hot  water,  and 
shftke  round  the  contents  of  the  beaker. 


CO.  oi  noi  waiter,  ana      ■ 
aker.  ^H 


Fiiienng. — Allow    tho    precipitatti    to    suttio    noriK'- 

iriiat,  and  then  collect  it  upon  a  1 10  miii.  pure  fiilor  con- 

taioed  in  a  2\-\u.  fuaael,  detaching  as  far  ax  pos§iblo 

every  particle  of  adherin^r  precipitate  frurn   tho  Hides  of 

Ktfae  beaker  by  means  of  a  policeman.    It  aometinioB  hup- 

^bens  that  a  ring  composed  of  a  thin  filtii  of  preoipitatu 

BMfies  removal :  the  weight  of  this,  howover,  is  ho  miuutu 

that  it  may  be  ignored  without  Honsible  urror.    Tho  pro- 

cipitate  and  filter  paper  must  now  be  thorougldy  waxliod 

with  Lot  water  till  i^uite  free  from  nitric  acid,  and  th» 

drops  from  tho  stem  of  the  funnel  will  no  lon^for  Lurii 

blue  litmus  paper  red. 

Titrating. — When  weighing  out  tho  stool  fur  analyitiil, 
there  should  also  be  weighed  out  into  a  perfectly  i^litnij, 
dry  10-oz.  flask  0-204  gramme  of  the  Swi-diKh  iron  drill- 
ings, and  about  the  time  tho  washing  of  thi-  jirocipitllto  in 
commenced, add  to  the  flask  70cc,ofdiliitoBulphuric«i.'id 
{1  in  7),  place  a  watch-glass  on  the  flask,  and  iioil  (in  llm 
hot  plate  till  the  last  particle  of  iron  is  disHulvcd.  Thpii 
remove  the  flask  and  rinse  the  drop  from  the  undomido 
of  the  watch-glaaa.  Next  fold  the  filter  containing  tliii 
brown  precipitate,  and  cautiously  drop  it  bodily  down  ttm 
ueck  of  the  flask  into  tho  iron  enlution.  Shako  tlio  liijiiid 
round  once  or  twice  till  the  whole  of  tlio  pro('i]iilatii  hi« 
dissolved  and  only  white  filter  paper  romaiiiH. 

Pill  up  a  50  cc.  burette,  graduated  in  tontho,  anil  riirn* 
fully  set  the  meniacus  of  tho  liquid  at  xoro.  Thu  Niniiil- 
ard  solution  is  then  run  Into  tho  flask  till  tho  wliolti  of  thii 
fcrroua  sulphate  is  oxidized.  I'ho  oxaot  point  nl.  which 
this  occurs  is  d(<termined  by  tho  indicator  solution  of  furrl- 
cyanide.  Two  or  three  rows  of  small  drop*  of  thn  lattur 
are  placed  upon  a  glazed  white  porcelain  stab  by  inrntiH 
of  a  glass  rod.    As  long  aa  any  unoxidixod  iron  ronmilia 
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in  the  flftsk,  a  drop  of  the  liquid  withdmwn  od  a  glass  rod 
and  placed  on  a  slab  close  to  a  drop  of  ferri cyanide  solu- 
tion will,  on  the  two  drops  being  allowed  to  mingle,  pro- 
duce a  blue  coloi-ation,  which  fades  in  intensity  as  the 
final  point  is  approached.  As  soon  as  this  happens,  not 
more  than  half  a  cc.  of  bichromate  solution  should  be 
added  between  each  trial.  In  deciding  when  the  iron  solu- 
tion has  ceased  to  re-act  with  the  indicator,  it  must  be 
recollected  that  the  chromic  sulphate  produced  in  the  re- 
action has  itself  a  greenish  tint,  so  that  a  drop  of  the 
liquid  y^r  ic  whould  be  compared  on  the  slab  alongside 
the  drop  mixed  with  ferricyanido.  It  should  also  be  re- 
membered, that  when  the  proportion  of  ferrous  salt  be- 
comes very  small,  the  colour  is  not  developed  for  perhaps 
half  a  minute.  With  a  little  practice,  it  will  be  found 
much  easier  to  carry  out  the  foregoing  titration  than  to 
describe  it. 

If  under  \°/^  of  manganese  is  present  in  the  steel 
under  oxaminiiHon,  the  burette  after  the  meniscus  of  its 
contents  has  been  run  down  exactly  to  the  50  cc.  mark, 
will  require  refilling,  and  the  amount  of  iron  prescribed 
in  only  capable  of  registering  a  maximum  of  2^  of  man- 
ganoBe,  which  of  course  more  than  meets  the  case  of 
ordinary  steels.  The  studtmi  should  be  very  careful  after 
each  aihUlion  of  bichromate  to  shake  the  flask  round  so  as 
to  Ihorowjhiy  mix  the  liquids. 

Jlficulivg  off'  the  percentage.- — Subtract  the  number  of 
cc.H  used  for  100:  each  cc.  of  the  remainder  equals  '02% 
of  DiangaueBu,  theroforOj  remainder  x  "02  =  ^  i/ji. 


4 


1.  34  cc.  of  bichromate  MlatioD  wo*  n^mnj. 
Then  100  -  34  =  66.  and  66  X  -02  =  1-32^  Mm. 

2.  87'5  cc.  of  bichromate  aolation  were  ntjaired. 
Then  100  -  87-5  =  12-5,Mid  12-5  x  "02  =  0-25%  M». 


Theory  of  the  Fffregoing  Method. 


I 

^V  The  fact  that  in  a  strong  mtric  acid  uAatitM  a 
l^^ons  nitrate  is,  by  a  complex  raactioB,  oxidized  (o 
ble  manganese  dioxide  oo  the  additioB  of  KCtOf  « 
noticed  by  Hannay.  The  peroxide  of  a 
tate  is,  however,  contaminatod  with  basic  iroo  aad  potaab 
gaits,  and  hence  cannot  be  weigbed  direct.  OndiAwlriDg 
the  precipitate  in  a  eolation  of  fernraa  aolphate  contAio- 

Er  an  excess  of  free  salphunc  acid,  the  foUowing  r«ac- 
n  takes  place : 
lOi  +  2  FeSO,  +  2  H^SO,  =  MnSO,  +  FeUSOX  +  2  fl/) 
(»)  («) 

Peroxide  of  manganese,  ferrous  snlphtile,  and  sulphuric 
acid  yield  manganous  sulphate,  ferric  snlphat'-,  and  water. 
It  is  therefore  evident  that  66  (66  X  ]}  p«rls  by  weight 
of  manganeae  in  the  form  of  dioxide,  oxidiao  1 12  (oQ  x  2) 
partabyweight  of  ferrous  iron  into  ferric  iron.  If  a  known 
weight  and  an  excess  of  ferrous  iron  is  present,  it  is  evi- 
dent that  if  the  unoxidized  excess  can  be  accurately  de- 
termined  the  amount  of  iron  oxidized  by  the  manganese 
I  will  then  be  known,  and  consequently  the  weight  of  the 
Danganese  itself.   The  excess  of  ferrous  iron  is  estimated 
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by  observing  how  inaoh  K^OrjOj  ia  required  to  oxidize  it 
according  to  the  following  reaction  (Penny's  proceBs): 

(!»J(6S)(10)        (56) 

Potaaaiuui  bichromate,  ferrous  sulphate,  and  sulphuric 
acid  yield  ferric,  chromic,  and  potassic  sulphates  and 
water.  2y4  (78  +  104  +  112)  parts  by  weight  of  K.^Ct./}., 
oxidize  336  (56  x  6)  parts  of  iron  from  the  ferrous  to 
the  ferric  condition;  the  weight  of  iron  used  is  found 
thus: 

Required  the  weight  of  iron  which  2%  of  manganese 
in  J>  grammes  of  steel  will  oxidize. 

2°/„  of  3  }.Tainuiea  = '- —  =  O'l  gramme  of  Mn. 

Then  ifas  parU of Jlfn oxidize  1 12 parts o(Fe\  i  12  x  1  _  „.„„„»      p 
01     „  „        ..         X       .,  „  f  "~5i""~  ^'    '" 


But  tlio  irnD  empliiyeil 
Henceif99-8  =  -203fl(-3 

100-0=     X     I  " 


•C  100 


■8"/„  Fe. 
=  0'204  grai 


That  is  to  saj,  0204  graiume  of  the  slxglitlv  iui|)iire  In 

lent  to  0"2036  gramme  of  chemieallj  pure  metal. 
Then  if  33G  parts  of  Ft  require  294  parts  of  K,CrtOj 
02036     „  „  „         X        „  „ 

294  X  ■2036 

=0-178125  giTuume  of  A'jO.O, 


This  weight  (dissolved  in  100  cc.)  is  equal  in  oxidizing 
power  to  01  gramme  of  manganese  in  the  form  of  MnO.^; 
for  1000  cc.  ten  times  the  weight  would  be  required,  or 
r7813  grammes.  The  accuracy  of  the  solution  should  be 
proved  by  titrating  0-204  gramme  of  Swedish  iron  dis- 
solved in  oxoess  of  H^SOi  in  the  manner  already  described ; 
exactly  100  cc.  should  be  required  to  complete  the  o: 


If  however,  the  solutioD  is  too  strong,  the  required 
of  water  to  adjast  it  is  calculated;  if  too  weak, 
Docossary    KJJr^O-,    to   bring  it    Up    to   strength   is 
hed  out  and  diaeolved  ia  tho  900  cc.  of  remaining 
tlution.    Examples : 

1,  It  was  found   that  only   99'6  cc.   were  repaired, 
henco   each   9i)'6  cc.   require  diluting   with   04  oc.  of 

rter,  therefore  the  900  co.  left  require: 
900  X  '4 
=  3'7  cc.  of  water  adding  to  them  to 
99-6  ^ 

make  the  standard  solution  correct. 

2.  On  titrating  tOO'5  cc.  of  the  standard  solution  were 
required. 

Hence  in  900  cc.  the  error  la  equivalent  to  i'S  cc.  of 
water  devoid  of  bichromate. 

Then  if  1000  cc.  require  17813  gramiiies  K^Cr^O, 


4S 

1-7813  x4S 


=  0-008  gramme  KC-gO, 


■  1000 

Thus  8  milligraiames  of  bichromate  are  required  to 
bring  the  solution  to  its  proper  utrength,  which  should, 
however,  be  checked  by  a  second  titration,  la  works 
laboratories  it  is  bust  to  make  up  and  standardize  a  large 
Wiucheater  quart  (holding  several  litres)  of  solution. 

The  blue  colour  produced  by  ferroua  salts  with  potas- 
sium ferricyanide  is  due  to  a  precipitate,  or,  in  dilate 
solutions,  to  an  emulsion  of  ferrous  ferricyanide  or  Turn- 
U'a  blue,  which   has  the  empirical  formula  Fi'i(0N),2, 
wtlts  give  only  a  very  faint  brown  coloration  with 
jlute  solutions  of  red  prussiate  of  potash.    It  will  be  seen 
ut  the  principle  undorlying  the  reactions  occurring  in 
B  Tolumetric  estimation  of  manganese  is: 
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1.  The  meaauroment  nf  tho  oxygen  takon  by  the 
residual  ferroua  iron  from  the  bichromate. 

2.  From  the  above  datum  the  determination  of  the 
oxygen  originally  yielded  to  the  ferroua  iron  by  the  man- 
ganese dioxide, 

In  the  first-named  reaction  chromic  anhydride  OrO^  is 
reduced  to  chromic  oxide  Cr^Os,  and  the  ferrous  oxide 
FeO  is  oxidized  to  ferric  oxide  Fe^O-j, 

In  the  second  reaction,  manganese  peroxide  Mn02  is 
reduced  to  manganous  oxide  MnO,  and  the  liberated  atom 
of  oxygen  converts  its  atomic  equivalent  of  FeO  to  Fe^O^. 

The  student  should  thoroughly  master  these  reactions, 
because  they  will  be  again  used  for  several  analyses  to  be 
described  later  on.  Their  mastery  necessitates  a  thorough 
knowledge  of  elementary  inorganic  chemistry,  parti- 
cularly with  reference  to  the  displacoable  hydrogen  of 
acids,  the  exiKtence  of  higher  aud  lower  baaic  oxides,  and 
the  formation  of  both  ucid-forming  and  basic  oxides  by 
the  same  metal. 


Method  II.    (Reddrop  and  Ramage,  modified.) 
(Time  occupied,  20  minutes.) 


Re-ageiits  required. 

Bednorvtal  potaBaium  permanganate. — This  is  made 
by  dissolving  3'16  grammes  of  the  pure  re- crystallized 
salt  in  distilled  water  and  making  up  to  1000  cc.  The 
solution  should  be  stored  in  a  dark  blue  Winchester,  and 
when  not  in  use  kept  in  the  dnrk.  It  retains  its  strength 
under  tbcao  circumstances  very  well,  but  it  is  advisable 


to  check  it  from  time  to  time,  and  either  adjust  it  in  the 
manner  already  deacribed  for  bichromate  solutions,  or 
introdace  the  neceasary  correction  in  the  aubaequent  cal- 
culation of  the  reault  obtained  in  the  process.  The  deter- 
mination of  the  strength  ia  rapidly  nccoitiplisbed  by 
titrution  against  a  known  weight  of  ferrous  iron.  Pure 
bar  iron  is  not  to  be  recommended  in  this  case  because 
the  carbon  it  contains,  small  in  amount  though  it  is, 
exerts  an  appreciable  iuSueuce,  being  readily  oxidized 
by  the  permanganate.  Pure,  dry,  re-crystallized  ferrous 
ammonium  sulphate,  1'%  grammes,  is  weighed  out  and 
transferred  to  a  small  fla»k,  disHoWed  in  distilled  water, 
1  or  2  cc,  of  strong  sulphuric  acid  added,  and  the  per- 
manganate run  in  fruui  a  burette,  freely  at  first  and  slowly 
towards  the  end  of  the  titration,  until  a  permanent  pale 
pink  colour  is  obtained,  tho  flask  being  all  the  time  kept 
in  motion.  Exactly  50  cc.  of  the  permanganate  solution 
inld  be  required. 

Rrroua  ammonium  sulphate  solution. — A  docinormal 
solution  of  this  salt  is  obtained  by  dissolving  exactly 
39'2  grammes  of  the  pure  crystals  in  water  acidulated 
with  sulphuric  acid  and  making  up  to  1000  cc.  As  the 
solution,  however,  slowly  loses  its  reducing  power  by  the 
o<iiciation  of  the  iron,  it  ia  advisable  to  prepare  it  by 
weighing  off  approximately  40  grammes  of  the  crystals, 
di&Bolving,  and  making  up  to  the  litre  mark.  The  eolu- 
liion  should  contain  from  20  to  30  cc.  of  strong  sulphurio 
id  in  each  litre. 

Sodium  hismulhate. — This  ra-agent  la  a  brown  amorph- 
s  powder  and  is  an  article  of  commerce.    It  may  be 
'eparedin  the  laboratory  as  follows: — 20  parts  of  caustic 
are  heated   nearly  to  rednosa  in  an  iron  crucible, 
10  parts  of  dried  basic  nitrate  of  bismuth  added  in 
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Binall  quantities  at  a  time;  2  parts  of  sodium  peroxide 
are  then  addod  and  bhe  whole  fusion  then  poured  out  on 
an  iron  plate.  The  melt  ia  powdered,  treated  five  or  six 
times  with  water  to  dissolve  out  the  excess  of  soluble 
sodium  compounds  which  are  removed  by  decantation, 
and  the  residue  dried,  powdered  aud  finely  sieved, 


I 


DUtolving,  etc. — Weigh  ofif  exactly  M  grammes  of  the 
drillings  into  a  small  fiaak  aud  add  !50  co,  nitric  acid 
s.g.  1'20.  When  the  violent  Jiotiou  has  subsided,  bring 
to  boiliug  on  the  hot  plate  and  add  from  time  to  time  a 
pinch  of  sodium  biauiuthato  in  order  to  oxidize  the  car- 
bonaceous matter.  On  the  introduction  of  this  re-agent 
the  colour  of  permanganic  acid  momentarily  flashes  up, 
but  equally  quickly  disappears  again,  being  used  up  in 
the  oxidation  of  the  carbon,  and  by  decomposition  at  tlie 
temperature  of  the  solution.  Tlio  amount  of  bismuthate 
to  bo  added  depends  upon  the  amount  of  carbon  in  the 
sample.  Mild  steels  require  only  a  few  millignims  added 
all  at  once,  and  no  serious  error  is  introduced  in  fiuch 
caees  by  its  entire  omission,  but  hard  steels,  white  irons, 
spiegels,  etc.,  demand  considerably  more,  and  very  grave 
errors  would  result  from  the  incomplete  oxidation  of  the 
carbon  by  the  bismulhiite  in  the  hot  solution.  The 
stndont  will  find  no  difficulty  after  a  little  experience 
in  deciding  the  point  of  complete  oxidation,  and  a  fur- 
ther guide  is  furuiahed  in  most  cases  by  the  steel  itself. 
Most  steels  contain  n  sufficient  amount  of  manganese 
to  yield,  when  the  oxidation  of  the  carbonaceous  matter 
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is  complete,  a  penDutent  brown  precipitate  ofb/disled 
peroxide  of  nnngiaeae.  This  precipitate  is  tbm  jaat 
taken  into  Miliitiaa  by  the  additioB  of  *  few  drops  of 
Balphurooa  acid  or  (ottoob  snlpliate  aolatioa  and  tbe  coa- 
t«iits  of  the  flaek  at  ooce  cooled  under  the  tap. 

Oxidizing. — To  the  tborooghly-cooled  iiqoid  add  from 
1^  to  2  grammes  of  sodiam  bismatliate,  and  shake  the 
flask  several  times  during  a  period  of  about  three  minotea. 
Allow  to  settle. 

Filtrrttion. — Prepare  a  filter  of  asbestos,  recently  ig- 
nited, and  poar  on  the  richly- colon  red  aapematant  liquid 
without  disturbing  the  solid  reaidne  consisting  of  excess 
of  bismulhate  more  than  necessary.  Shake  np  the  latter 
several  times  with  small  quantities  nf  dilute  nitric  acid  of 
2^^  strength,  allowing  to  settle  each  time  and  ponring 
the  liquid  through  the  filter.  The  washing  is  complete 
when  the  liquid  comes  through  thefilter  perfectly  colour- 
less. 

The  titration. — Two  burettes  are  filled  to  the  mark, 
one  with  the  standard  solntion  of  decinormal  perman- 
ganate and  the  other  with  the  ferrous  ammonium  sul- 
phate solution.  The  6ask  containing  the  assay  la  then 
placed  under  the  latter  and  the  ferrous  solution  run  in 
with  shaking  until  the  colour  is  more  than  coinplotoly 
discharged,  being  replaced  by  a  palo  green  one.  The 
Bask  in  then  placed  under  the  permanganate  burette  and 
the  solution  run  in  a  drop  at  a  time  until  a  palo  but  pro- 
nounced pink  colouration  is  proiluced. 

Standardizing  the  ferrryus  solution. — After  taking  tho 

readings  of  both  burettes,  about  20  co.  of  tho  ferrous 

solution  are  run  into  tho  same  0aak  without  washing  out 

f  Alifl  finished  assay  and  the   titration  with  periniiiiganute 

1  performed,  the  exaot  end  point  being  accurately 
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small  quantities  at  a  time;  2  parts  of  sodium  peroxide 
are  then  added  aod  the  wholo  fusion  then  poured  out  on 
an  iron  plate.  The  molt  is  powdered,  treated  five  or  six 
times  with  water  to  diasolvo  out  the  pxcess  of  soluble 
sodium  componnds  which  are  removed  by  decantation, 
and  the  roaiduc  dne<i,  powdered  and  finely  sieved. 


The  Process. 

Dissolving,  etc. — Weigh  off  exactly  I'l  grammes  of  ti 
drillings  into  a  small  Saak  and  add  DO  ce,  nitric  fi 
a.g,  1'20.    When  the  violent  iiction  has  subsided, 
to  boiling  on  the  hot  plate  and  add  from  time  to  timrt 
pinch  of  sodium  bismuthato  in  onler  to  oxidize  the  o 
bonaceous  matter.    On  the  introduction  of  this  re-agei 
the  colour  of  permanganic  acid  momentarily  flajihea  up,     i 
but  equally  quickly  disappears  again,  being  used  up  in 
the  oxidation  <>i  the  carbon,  and  by  decomposition  at  the     . 
temperature  of  the  solution.    The  amount  of  hiamutbate     si 
to  be  added  depends  upon  tho  amount  of  carbon  in  the    ,, 
sample.    Mild  steels  require  only  a  few  milligrams  added     „ 
all  at  once,  and  no  serious  error  is  introduced  in  such    ^ 
cases  by  its  entire  omission,  but  hard  steels,  white  irons,     . 
spiogcls,  etc.,  demand  considerably  more,  and  very  grave     . 
errors  would  result  from  the  incomplete  oxidation  of  the    . 
carbon    by    the    bismuthate  in   the    hot    solution.      The    ^ 
student   will  find   no  difficulty   after  a  little  experience 
in  deciding  ihu  point  of  complete  oxidation,  and  a  fur- 
ther guide  is  furnished  in  most  cases  by  the  steel  itself. 
Most  steels  contain  a  sufficient  amount  of  manganese  _ 
to  yield,  when  the  oxidation  of  the  carbonaceous  matter  ^ 
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the  proceaa  is  applicable  to  rich  alloys  (see  estimation  of 
miuigaiieBe  in  epiegel  and  ferro manganese).  The  bismuth 
in  the  re-agent  exists  aa  the  tetroxide  lii-^Oi,  and  this 
coiDpoand  furnishes  the  available  oxygen.  The  totrosido 
itself  may  be  naed  for  the  oxidation,  but  moat  com- 
mercial samples  of  this  substance  are  not  entirely  free 
from  chlorides,  the  presenco  of  which,  aa  is  well  known, 
Beriously  disturbs  permanganate  titrations  in  acid  sotu- 
The  sodium  bismuthate  prepared  aa  directed  is 
le  from  this  impurity;  the  material  has  no  fixed  com- 
position, and,  needless  to  say,  the  sodium  present  is  not 
concerned  in  the  oxidation.  In  skeleton  form  the  follow- 
ing equation  indicates  the  charge  from  a  manganese  salt 
bo  a  salt  of  permanganic  acid: 

2  MnO  +  5  Bi^Ot  =  Mn.,0,  +  5  Bi^O^ 
In  a  solution  containing  free  nitric  acid  we  have: 
bBi^O,  +  2  Mn^NOs),  +  26  BNO:,  =  2  SMnO^  +  10  Bi 
lNOt)!i+ 12  H,0. 

The  reaction  between  the  sodinm  permanganate  and 
le  ferrona  ammonium  sulphate  is: 
2  NaMnO,+ 10  lFeS0^.{NH,),80^  "6  Zf,0]  +  8  HjSO^ 
Na,SO,  +  2  MnSO,  +  &  ^^(SOJa  +  10  {NH^l^O, 
68  E^O. 

Tbe  ferrous  ammonium  snlphate  solution  is  stand- 
ardised against  deciuormal  potassium  permanganate  and 
the  preceding  equation  expresses  the  reaction  by  sub- 
Ititoting  in  it  ATor  ^o.    Wo  have  thus: 

KAInOt  equivalent  to  lOlFeSO^ 


316  parte 
3lti 


10  X  392  parts. 
,  39-2 
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The  Hctual  metallic  manganese  in  '31Q  pnHa  of  KMtlO^ 


is  2  X  55  = 


.  N 


nctaal  metallic  manganese  is  therefore  O'OUll  gramme, 
and  represents  0"1%  of  Mn  when  working  on  I'l 
gramme  of  atoel. 

The  student  may  be  inclined  to  view  with  suspicion 
any  process  in  which  ferrous  snlphate  is  used  for  titrating 
purposes  in  the  prOBOnce  of  such  a  powerful  oxidant  as 
nitric  acid,  but  it  should  be  remembered  that  althongb 
the  steel  is  dissolved  originally  in  acid  of  s.g.  1'20,  the 
subsequent  washing  with  2%  acid  considerably  reduces 
the  acid  strength  of  the  filtrate  and  provides  a  solution 
which  as  a  matter  of  fact  is  without  action  in  the  cold 
on  acidified  ferroas  solutions  except  on  nnnecessarily 
prolonged  standing. 

When  a  steel  contains  chromium,  the  addition  of 
bismuthate  to  the  hot  solution  for  the  purpose  of  de- 
stroying the  organic  colouring  matter  converts  some  of 
this  element  to  chromic  acid.  This,  of  course,  would  re- 
act in  the  final  titration  with  ferrous  sulphate,  and  make 
the  manganese  result  too  high.  It  is  necessary  in  such 
cases  to  add  rather  more  sulphuroua  acid  than  is  just 
required  to  clear  the  precipitated  manganese  peroxide, 
thus  reducing  the  chromic  acid  again.  After  cooling, 
theassay  should  be  proceeded  with  as  quickly  as  possible 
to  completion,  and  experience  will  show  that,  operating 
in  cold  solutions,  the  amount  of  chromium  oxidized  in 
the  time  occupied  is  neglifjible. 

When  a  determination  is  finished,  the  asbestos  filter 
ia  transferred  to  a  wide-mouthed  bottle  containing  hydro- 
chloric acid  which  immediately  decomposes  and  dia- 
Bolves  the  sodium  biamathato,  generating  chlorine  gas. 
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"When  a  new  determination  is  to  be  made,  the  same 
fubestos  can  be  used  for  preparing  a  filter,  but  particular 
care  must  be  taken  to  wash  away  from  it  every  trace  of 
ffee  chlorine  or  of  hydrochloric  acid  before  commencing 
the  filtration.  The  presence  of  the  latter  is,  as  already 
stated,  altogether  inadmisBible,  as  it  decomposes  per- 
manganate solutions,  thus: 

2  A'J/nO,  +  16  BCl  =  2  KCl  +  2  Mn  Cl^  4-  8  H.fi  +  5  ffl. 


Method  m.    (Walters,  modified.) 
(Time  occupied,  15  minutea.) 


Re-agents  required. 

Ammonium  persulphate. — This  is  a  white  crystalline 
^  alightly  deliquescent,  and  is  an  article  of  com- 


— IMsBolve   approximately 
distilled   water,  and 


of  silver   nitrate.^ 
mme   of  the  pure  i 
ilute  to  1000  cc. 
Solution  of  sodiam  araenile. — Dissolve  about  5  grammes 
■of  pure  arseniouH  oxido,  Ae^O^,  in  5  or  6  times  its  weight 
of  sodium  bicarbonate  by  boiling  the  two  aolida  together 
with  200  cc.  of  water.    The  solution  is  diluted  when  coid 

ito  1  litre.  This,  the  stock  solution,  is  approximately  10 
tames  stronger  than  necessary;  for  ueo,  therefore,  10  cc. 
of  it  are  diluted  with  HO  cc.  of  water. 
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The  Proci'sf!. 

Dissoloiny, — Weigh  0'25  gramme  of  the  sample,  and 
the  same  weight  of  a  stool,  the  manganese  contents  of 
which  are  known,  and  transfer  them  soparatcly  to  small 
boiling  tubes  about  an  incih  in  diameter.  Add  to  each 
10  cc.  of  nitric  acid  B,g.  1'20,  and  when  the  oHervesconce 
haa  subsided,  boil  by  holding  the  naked  tubes  in  the 
bunsen  flame  until  nitrous  fumes  are  all  expelled. 

Oxitlatlon, — Now  add  10  cc,  of  the  silver  nitrate 
solution  to  each  tube,  and  then  approximately  1  graTtiino 
of  the  ammonium  porsalphate  ro-agcnt.  Wash  down  any 
clinging  particlea  of  the  latter,  and  slowly  raise  the  whole 
mixture  to  the  boiling  point  again,  The  permanganato 
colour  soon  develops  and  roaches  its  maximum  intensity 
at  the  boiling  point,  to  the  accompaniment  of  a  copious 
evolution  of  oxygen.  Cool  off  rapidly  undov  the  tap,  so 
as  to  stop  the  effervescence  and  retain  a  certain  amount 
of  unchanged  persulphate  to  the  decomposition  of  which 
the  generation  of  oxygen  ia  due. 

Titration. — The  richly -co  loured  solutions  arc  trans- 
ferred to  small  dasks,  the  latter  in  turn  placed  on  a  white 
tilo  under  a  burette  charged  with  tho  sodium  arsenite 
solution  and  tho  solution  run  in  in  a  stream  of  rapid 
drops  whilst  the  contents  of  tho  flask  are  kept  in  motion, 
Tho  end  point  ia  reached  when  the  permanganate  colour 
ia  just  replaced  by  a  characteristic  pale  green  one.  If 
any  uncertainty  exists  as  to  the  termination  of  the  re- 
action, another  gramme  of  ammonium  persulphate  may 
be  added,  the  liquid  heated  to  boiling,  cooled  off,  and 
the  solution  titrated  again. 

Calculation  of  Result. — This  is  done  at  once,  for  tho 
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number  of  ct.  of  the  arsenite  solution  required  for  a 
definite  perceutage  of  mangane^jo  is  furnished  by  the 
standard  ateet  and  a  simple  proportion  yields  the  required 
figure  for  tho  unknown  aample. 

Remarks. — The  sodium  arsenite,  made  aa  dirooted, 
obviously  need  have  no  fixed  strength.  It  is  run  in  each 
assay  against  the  standard  steel;  approximately  1  cc.  of 
it  represents  0'1%  o{  Mn.  Diflerent  operators  will  uso 
different  amonnLs  of  the  same  araenite  solution  in  titrat- 
ing the  same  amount  of  permanganate.  The  cause  of 
this  consists  primarily  in  the  fact  that  tho  latter  contains 
a  certain  amount  of  undecompoaed  ammonium  persulph- 
ate capable  of  re-oxidizing  the  manganese,  Wlion,  for 
instance,  a  titration  is  adjudged  to  be  finished,  the  purple 
colour  will  again  develop  even  in  the  cold  after  a  few 
minutes'  standinj;,  and  aa  the  oxidizing  power  ia  at  work 
during  the  titration,  different  results  will  be  secured  be- 
cause different  operators  will  titku  difi'L'rent  amounts  of 
time  in  reaching  the  end.  The  resulta  aru  in  all  cases 
rfaliable,  nevertheless,  provided  the  standard  steel  is 
rested  in  all  respects  like  the  unknown  sample. 


Theory  0/  the  I'rocess. 

^  The  oxidizing  power  of  persnlpbatea  depends  upon 
?  decomposition  in  hot  solution  with  generation  of 


{NS,),S.,0,  +  H,0  =  (NH^),SO,  +  ESO,  -\-  O 

i  decomposition  is  much   more  rapid  in  tho  pre- 

mcD  of  silver  nitrate,  which  acts  essentially  aa  a  cata- 

C  agent.    Probably  silver  persulphate  is  momentarily 

rued,  and  is  at  once  decomposed  again,  silver  nitrate 
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being  agnin  formed  and  ready  to  transform  more  of  the 
ammonium  salt,  thus: 

AgiS-^O^  +  2  ffWO,  +  H.0  =  2  AgNO^  +  2  H^SO^  +  0 
Tho  nascent  oxygen  effects  the  change  to   perman- 
ganate according  to  the  ekelelon  ecjuation: 

2  M7iO-\-5  (0)  =M>..,Oi 
and  we  havo,  using  ammonium  persulphate,  the  enlarged 
eqnation: 

5  Ams80^  +  S  B^SO^  +  4  HNO:,  i 

cxpreBsiog  the  oxidation  of  a  nianganous  salt  (nitrate) 
to  the  condition  of  permanganic  acid. 

The  oxidation  of  sodium  araenito  to  aodtum  arsenate 
at  tho  expense  of  the  permanganic  acid  may  be  formu- 
lated thus: 

2  EMnO,  +  5  Na^^nO^  +  4  HNO^  =  5  Na-,AsO^  + 
2  jlfn(W0,),  +  3  H^O. 


CoLOEIMBTRIC    DETERMINATION    OF    JIaNQANKSK. 

The  Red  Lead  Process. 

(Time  occupied,  about  2  hours.) 

This  method  bears  a  general  rosembliincQ  to  that  by 
ineana  of  which  combined  carbon  is  estimated  by  colour, 
and  several  of  tho  precautions  given  as  absolutely  neces- 
sary to  obtain  accurate  results  for  the  latter  process  apply 
with  equal  force  to  tho  present  method.  In  the  first  place, 
a  set  of  standard  steels  tho  manganese  present  in  which 
has  been  settled  aa  the  moan  of  several  concordant  esti- 
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Concenieiit  weight 

015 

0-1  to  0-2 

015 

0-30 

0-2  ..  0-4 

010 

060 

0'4,  „  0-8 

007 

1-00 

0'8  .,  1-2 

005 

1-40 

1'2  ..  1-fi 

003 
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■nations,  i a  required.  The  following  table  aliowa  a  useful 
set  of  standnrda,  tha  percentage  of  manganese  in  the 
steels  with  which  the  respective  standards  should  be  em- 
ployed, and  the  most  convenient  weight  of  steel  to  be 
^Vteken  for  analysis. 

In  the  autburs'  opinion,  it  is  not  advisable  to  attempt 
to  estimate  manganese  by  the  colour  teat  much  above  the 

I  limit  indicated  in  the  above  table. 
I     Re-agent  required:  pure,  clean  rod  lead,  r/LjO,  = 
P  {PhO)^hO.,. 

\  Weighing  out. — Weigh  out  into  clean,  dry  test  tubes. 
Bin.  long  by  ^-in.  diameter, and  marked  at  10  oc, equal 
weights  of  the  steels  and  their  requisite  standards,  the 
percentage  of  the  latter  and  the  distinguishing  number  of 
the  former  being  attached  by  means  of  a  little  square  of 
gummed  paper. 

DisBolm'iig. — Add  to  each  tube  frum  a  burette  3  CC.  of 
nitric  acid,  sp.  gr.  1'2,  and  dissolve  the  steels  exactly  as 

r  carbonn  on  p.  47, 
t'-XHluting. — Next  dilute  each  solution  with  Scc.ofwatei-. 


T/ie  ProceM 
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Addition  to  Pb^O,. — After  well  boiling  the  bath  for 
five  minutes,  add  to  each  tube  about  1  gramme  of  red- 
load,  which  is  conveniently  delivered  into  the  solutions 
from  n,  glass  tube,  Tho  latter  may  be  made  to  measure 
out  the  proper  weight  of  re-agent  in  the  following 
manner.  Take  a  glass  tube  6  mm.  in  diameter  and  about 
200  mm.  long,  and  grind  its  ends  level  on  stretched 
emery  cloth.  Then  fit  into  it  a  glass  rod  ground  quite 
fiat  at  one  end,  and  having  a  knob  at  the  other,  so  that 
when  the  bulged-out  portion  rests  on  one  end  of  the  tube, 
the  flat  face  of  the  rod  is  9  mm.  from  tho  other  end.  The 
rod  should  very  closely  fit  tho  bore  of  tho  tube.  Com- 
pletely and  compactly  till  the  vacant  portion  with  Fb^O, 
by  dipping  it  into  the  wide-mouthed  bottle  holding  tho 
re-agent.  Withdraw  tho  glass  rod  (which  during  the 
filling  reijiiiree  holding  tightly  in  position),  and  with 
another  made  in  exactly  tho  same  way,  and  of  the  same 
diameter,  but  230  mm.  long,  cautiously  project  tho 
moulded  and  adherent  piece  of  red-lead  into  the  acid, 

BaiUnij. —  Next  briskly  boil  the  bath  for  five  minutes, 

DUnting. — Take  out  the  tubes,  and  with  the  wash- 
bottle  jet  dilute  each  solution  till  the  menisous  of  the 
litjuit]  is  on  the  10  cc.  mark. 

Mixing. — Well  mix  the  contents  of  each  tube  by  means 
of  a  flat^headed  glass  rod  plunger.  The  latter,  after  shak- 
ing free  from  adherent  liquid,  may  bo  used  from  solution 
to  solution  without  perceptible  error. 

Settling  in  the  dark. — Next  place  tho  rack  oontaining 
the  tubes  in  a  dark  cupboard,  and  allow  the  deep  brown 
PhO^  to  settle  for  at  least  an  hour,  till  tho  liquid  is  quitL- 
clear  from  suspended  oxide. 

Gtrnparing  tho  colours.- — The  purple  liquids  are  then 
conveyed  to  20  cc.  stoppered  and  graduated  tubes  by 
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KneartB  of  ft  6  cc.  ball  pipette  of  such  a  aize  that  the  ball 
Tlodges  on  top  of  the  test  tabe,  whilst  the  pointed  end  of 
Fthe  atein  is  at  least  one  inch  from  the  bottom;  the  mark 
of  the  pipette  should  bp  just  above  the  ball.  Withdraw 
aud  deliver  exactly  5  cc.  of  each  solution  into  the  com- 
paring tubes :  the  pipette  need  not  be  washedj  but  should 
be  shaken  free  from  visible  liquid  at  each  withdrawal.  The 
staudard  is  made  up  to  the  luark,  the  stopper  of  the  tube 
inserted,  and  tht-  liquid  thoroughly  mixed,  juat  aa  in  the 
carbon  test.  The  solution  of  the  unknown  steel  is  diluted 
and  mixed  (always  using  the  stopper  and  not  the  finger  to 
close  the  mouth  of  the  tube),  till  the  colours  match  when 
compared  against  the  wet  filter- paper,  after  using  the 
precaution  referred  to  on  p.  49,  of  reversing  the  relative 
positions  of  the  tubes  before  deciding  on  the  final  reading. 
The  following  table  indicates  the  volume  to  which  the 
various  standards  should  be  diluted,  and  the  conversion 
of  the  CCS  registered  by  the  steels  under  analysis  into 
percentages. 
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TocomertM.nsIa- 

014 
0-31 
0-58 

vm 

1-42 

7-0 
62 
Uf> 
103 

14-2 

Multiply  by  0*02 
..   0'05 
..    0-05 
.,    010 
,.   010 

Examjies. 

'  1.   With  the  O'H  standard  the  unknown  steel  matched 
|!6-2cc.   6-2  X -02  =0-124,  say  0-12%  Mt,. 
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2.  With  the  0*58  standard  tbe  steel  registered  10*4  coi 
10-*  X -06  =  0-52%  Mn. 

3.  With  the  1'42  standard  steel  required  diluting  to 
13-7  cc.   13-7  x-l  =  1-37%  if». 


1 
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Theory  of  the  Colour  Process.  ^m 

When  the  red-lead  is  added  it  Forma  nitrato  of  lead, 
and  precipitates  dark  PbO^,  thus : 
(2  PbO  +  PbO^)  +  4  HNO3  =  2  Pb{N0s)^  +  2  H.O  +  PbO^ 

The  PbO-i  by  a  complex  reaction  oxidizes  the  mangan- 
0U8  nitrate  into  purple  red  permanganic  aoid  iTAfnOj,  the 
colour  being  within  reasonable  limits  proportional  to  the 
manganese  present.  The  solution  is  gradually  bleached 
by  light,  hence  the  advisability  of  allowing  the  excess  of 
peroxide  of  lead  to  settle  in  the  dark.  Permanganic  acid 
is  readily  reduced  {of  course  losing  its  colour)  by  contact 
with  organic  matter;'  for  this  reason  it  is  safer  to  make 
the  comparisons  in  stoppered  tubes.  The  succe.ss  of  this 
colour  procoHS  seems  to  a  great  extent  to  depend  upon 
having  the  maoganese  present  in  exceedingly  small  quan- 
tities, together  with  a  fairly  large  excess  of  PbO^.  Tlie 
method  is  not  available  for  chrome  steels.^  Some  chemists 
prefer  to  carry  out  the  oxidation  in  a  bath  of  chloride  of 
calcium  solution,  which  boils  at  about  110"  C.  Such  a 
liquid  may  be  obtained  by  dissolving  500  grammes  of 

'  Tlie  L'iLrbiin  colouring  uialt^i-  seems  to  be  destroyed  during  tbe 
pi-ocess. 

'  These  nre  not  completelj  soluble  in  nitric  acid,  and,  niiireover, 
tbediMolvedoliroiuiuuiis  eonvci'ted  by  tbe  PAO,  into  yellow  ebromic 
■cid  ff,6VO.. 


Other  Methnih. 


[  the  fully  hydrated  salt  (CaGl,  +  6  HO)  in  500  cc.  of 
t  water,  but  the  authors  havo  nevor  found  its  omployinent 
ft  attended  by  any  noticeablo  a<lvaatage. 

The  red-lead  used  should  be  ascertained  by  a  blank 
experiment  (made  on  3  cc.  of  1'20  acid,  3  cc.  of  water, 
and  I  ^anime  of  PfcaO,)  to  be  quite  free  from  every  trace  of 
manganese,  otherwise  the  amount  added  to  each  tube 
must  be  exactly  weighed  so  aa  to  give  a  constant  error: 
this  procedure,  however,  should  if  possible  be  avoided,  as 
samples  of  mangauese-free  red-lead  are  obtainable. 

tThe  colorimetric  estimation  of  manganese  nan  be  much 
ore  quickly  accomplished  by  using  either  sodium  bis- 
mnthate  or  ammonium  persulphate,  since  these  re-agents 
80  rapidly  transform  manganese  salts  into  permanganic 
acid. 

I  It  is  often  convenient  to  effect  the  determination  on  the 
solutions  left  in  the  comparing  tuboa  when  the  "colour 
carbon"  test  has  been  done.  About  one-quarter  of  a 
gramme  of  sodium  bismuthate  is  added,  and  after  mixing 
the  liquid  allowed  to  stand.  A  measured  anjountof  the 
clear  supernatant  liquid  is  decanted  and  its  colour  com- 
pared with  that  yielded  by  a  standard  steel  of  known 
manganese  contents. 

In  the  case  of  ammonium  persulphate,  several  cc.  of 
a  very  dilute  solution  of  silver  nitrate  (about  I  gramme 
of  the  solid  in  a  litre  of  water)  are  added  before  the  addi- 
tion of  the  re-agent  {0"25  gramme).  After  heating  to  the 
1  boiling  point,  cool  off  rapidly  and  compare  measured 
■pactional  volumes  as  before, 
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Aa  a  guide  to  the  student,  the  figures  of  an  actual  esti'^ 
mation  by  the  persulphate  method  are  appended.  The 
colour  carbon  determination  not  being  required,  "05  g. 
of  the  sample  and  the  same  weight  of  a  standard  steel 
{Mn  =  0'82^)  were  weighed  into  dry  test  tubes,  dissolved 
in  3  cc,  HNO^i  1  '20, 3  cc.  of  silver  nitrate  solution  added 
after  boiling  out  nitrous  fumes  over  naked  flame,  '25 
gram  me  (approximately)  of  ammonium  persulphate  added, 
the  liquids  heated  to  boiling  and  at  once  cooled  off.  They 
were  then  transferred  to  100  cc  flaaka,  diluted  to  the 
mark,  and  after  mixing,  10  cc.  of  the  standard  steel  solu- 
tion transferred  to  a  comparing  tube.  Its  colour  was 
matched  by  10  cc.  of  the  sample  after  diluting  the  latter 
to  I2"5  cc.   The  Mn  was  therefore: 

{0-82xl2-5)^IO=l-025%. 


Comparative  values  of  the  methods  (jivini  for 
estimating  Manfjanese. 

Qravimetrie. — There  is  no  doubt  that  when  time  per- 
mits the  gravimetric  process  !s  the  best  to  use,  being  the 
most  uniformly  reliable  method,  and  in  disputed  cases  it 
should  always  be  appealed  to. 

Volumt-fric. — The  volumetric  processes  are  valuable 
for  rapidly  obtaining  practically  accurate  results  within 
a  long  range  of  percentage  when  time  presses. 

Oolorivietric. — The  colour  teats  are  useful  for  deciding 
roughly  in  about  fifteen  minutes  the  quantity  of  mangan- 
ese present  in  any  given  steel,  and  are  of  great  service 
in  works  making  each  day  a  considerable  number  of  steel 
beats  of  practicjilly  constant  composition,  in  all  of  which 


METALS  lOT 

ibe  chemist  is  required  to  rapidly  check  the  percentage 
of  manganese  present.  In  such  casee,  a  set  of  standards 
is  not  necessary:  for  instance,  in  an  open-heftrth  works 
tlic  manganese  is  aaually  kept  pretty  constant  at  about 
O'SV.  Then,  with  a  standard  approximating  this  per- 
centage, although  in  a  heat  abnormally  high  or  low  in 
maogaaese  the  metal  might  not  be  accurately  estimated, 
the  colour  teat  would  nevertheless  indicate  the  composi- 
tion to  be  seriouBly  wrong,  and  the  working  up  or  delivery 
of  the  steel  conld  be  delayed  till  a  gravimetric  or  volu- 

t metric  estimation  had  been  made. 
The  authors'  experience  of  the  comparative  results  ob- 
lained  by  skilled  operators  when  working  those  processes 
U  that  the  bismnthate  method  yields  results  coincident 
Krith  the  grflviroetric,  whilst  the  Ford  and  Williams 
method  gives  O'OZ^^  less  manganese.  The  persulphate 
method,  per  se,  only  gives  accurate  results  when  the 
titration  is  performed  very  rapidly.  The  colour  tests  may 
be  as  much  as  003%  above  or  below  the  actual  6gure. 


GrAVIMRTRIC    UeTKBMIKATION    op    SCLFHUR. 

lie-iiijeni  required. 

Barium  chloriile. — A  10%  solution  of  barium  chloride 
UpaClf)  is  made  by  dissolving  about  GO  grammes  of  the 
pore  hydrated  salt  in  half  a  litre  of  water.      Filter  if 
heoessary,  and  store  in  a  stoppered  bottle  for  use. 
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The  Process. 
(Time  occupied,  abont  I^  days.) 

Weight  taken, — Weigh  out  6  grammes  of  the  steel  into 
a  20-oz.  beaker. 

Dissolving. — -Put  on  the  cover,  and  pour  down  the  lip 
10  cc.  at  a  time  60  cc,  of  aqua  regia,  allowing  the  violent 
reaction  to  subside  after  each  addition.  Add  a  crystal  or 
two  of  pure  potassium  nitrate  and  quietly  boil  on  the 
plate  till  the  steel  ia  dissoWed,  and  then  more  briskly, 
till  the  solution  givcH  indications  of  spitting. 

Evapondlon  to  dryness. —  Move  the  beaker  to  a  less 
hot  part  of  the  platti,  take  off  the  cover,  allowing  the 
drop  of  liquid  on  it  to  drain  down  tho  inside  of  the 
beaker,  and  place  it  convex  aide  up  on  a  filter  drier. 
Cautiously  evaporate  the  liquid  to  complete  dryness,  and 
hake  the  dry  mass  of  ferric  chloride  on  the  hottest  part 
of  the  plate  for  at  least  half  an  hour. 

Re~tHssohnng.- — Remove  the  beaker,  holding  it  in  the 
hand  or  placing  it  oa  a  pad  of  warm  asbestos  till 
moderately  cool,  lieplace  the  cover,  and  dissolve  up 
the  dry  mass  by  boiling  it  with  40  cc.  of  strong  HCl 
solution. 

Evaporation  to  low  bulk. — Very  gently  evaporate 
down  till  the  dark-brown  mirror-like  liquid  tneasures 
not  more  than  10  cc. 

Fraclioxal  Jillratlon. — Add  10  cc.  of  water,  and  waali 
the  solution  without  loss  into  a  CO  cc.  graduated  flask  : 
place  the  flask  in  cold  water,  aud  when  its  contents  have 
cooled,  dilute  to  the  mark  aud  thoroughly  mix.     Filter 
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I  CO.  through  a  dry   110   mm,   pure  filter  into  a 
,daated  flask.     Transfer  the  liquid   Irom  the  latter 
:  clean,  dry  20-oz.  beaker,  and  well  wash  out  the 
isle  with  a  little  water,  of  oouree  adding  the  washings 
1  the  main  aolntton. 
Prccipt'tad'oii.— Next  add  20  cc.  of  the  10^;^   solution 
'.  BaCl^,  when  tho  bulk  of  the  liquid   should   measure 
fkbout  100  crc.     Well  mix  the  liquid  in  the  beaker  by 
ifaaking  it  round,  put  on  the  cover,  and  allow  the  boIu- 
1  to  stand  for  a  night. 
FiUraiion, — In  the  morning  filter  off  tho  precipitate 
on  to  a  00  mm.  cloue-graincd  paper  contained  in  a  2-iD. 
plain  fannel  with  a  short  stem  aupported  in  a  100   cc. 
—measuring- glass.    Pass  through  as  much  as  possible  of 
■he  clear  supernatant  liquid  without  much  disturbing  the 
recipitate,  and  throw  away  the  iron  solution  after  ascer- 
uning   it  to   be   free  from    suspended,    finely-divided 
irecipitato.     It  is  probable  that  when  tho  main  quantity 
f  the  latter  is  thrown  upon  the  filter   some  will  pass 
through  into  tho  filtrate,'  and  as  long  as  this  happens, 
ilie  latter  must  ho  re-passed  through  the  paper  till  the 
lores  of  the  filter  are  filled  up  and   the  liquid  passes 
"through  quite  clear.     Kvory  particle  of  the  barium  pre- 
cipitate must  of  course  be  washed  out  of  the  beaker  into 
ihe  filter, 
p       iVathing.—yoTy  carefully  wash  the  edges  of  the  paper 
hlternately  with  very  dilute  hot  HCl  (5  cc.  of  strong  HOI 
Bolntion  of  4'.5  cc.  water)  and   cold  water  till  quite  free 
H^m  iron  salts,  when  a  few  drops  of  tho  washings  added 
Bo  a  dilute  solution   of  ammonium   sulphocyanide  will 
Bdevelop  no  pink  tinge. 

K     Drying. — Dry  the  precipitate  as  usual  on  the  hot  plate 
B    '  Thi»  difficulty  is  obmted  by  the  use  of  a  <;i.ui],Rft  jmlp  filler. 
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by  remoring  it  from  the  funnel  aod  supporting  it  in  an 
earthenware  cylinder. 

Iijniting  and  weighing. — Fold  the  paper  and  ignite  in 
tho  muffle  in  a  clean,  tared  2-in,  porcelain  crucible  till 
quite  white.  When  thoroughly  cold,  remove  the  crucible 
from  the  desiccator  and  re-weigh.  The  increase  is  sul- 
phate of  barium  BaSO,,  containing  I'i'l/..  of  sulphur. 
The  result  ia   of  conrso  calculated    on   5  grammsB   of 

Blank  estimation  of  gulphnr  in  re-agents. — It  is  fre- 
quently necessary,  in  order  to  ensure  accurate  results, 
that  a  blank  estimation  of  the  sulphur  existing  in  the 
re-agents  used  be  made,  and  the  weight  of  BaSO,  thus 
obtained  be  deducted  from  the  apparent  woight  of 
Ba80,  derived  from  the  stool.  In  ordor  to  save  time, 
the  best  plan  is  to  set  aside  a  Winchester  quart  each  of 
aquu  regia  and  hydrochloric  acid,  and  in  these  determine, 
oncD  and  for  all,  as  the  mean  of  a  duplicate  estimation, 
the  woight  of  JlaSO,  resulting  from  the  exact  volume  of 
those  acidn  employed  in  an  estimation  of  the  sulphur  in 
the  steel.  This  ia  l)est  done,  by  going  through  tho  analysis 
exactly  as  in  an  actual  determination,  except  that  a  crys- 
tal or  two  of  potassium  nitrate  is  used  to  6x  the  sulphur 
which  exists  in  the  re-agents  as  free  H^SOi  as  non- 
volatile sulphate  of  potassium. 

Without  this  precaution  the  sulpharic  acid  would  be 
driven  off  on  evaporating  the  original  solution  to  dryness, 
and  the  result  might  indicate  really  impure  acids  to  bo 
sulphur-free.  Perfectly  sulphur-freo  acids  are  somewhat 
rare,  and  tho  manufactm-er'a  a^aoranoe  on  this  point  must 
never  be  taken  for  granted. 


Model  of  Record  and  Caleulntiov . 

e  30,  18H9.         Drillings  from  stpel  rail.      Blu 

^V'eight  taken  6  grammes. 

CMicible  +  ppt.  4-  ash  =  256192 

Weight  of  crmiiblc  =  25-5727 


BaSOf  = 


S)'53e41 


Theory  of  tke  Aqua  licgia  Process. 

On  disBolving  the  ateel,  the  nitro- hydro  chloric  acid 

i  the  sulphide  of  iron  present  to  sulphuric  acid, 

jirhich    at    low    bulk    becomes   potasBium    sulphate;    the 

ilica  is  rendered  insoluble  by  the  evaporation  to  dry- 

beaSj  and  is  separated  by  the  fractional  filtration,  which 

PdisponBes  with  the  necessity  of  washing  the  filter-paper. 

I  On  adding  the  solution  of  barium  chloride  to  the  slightly 

k'faydrochtoric   acid  solution  of   the  potassium  sulphate, 

loBolubie  barium  sulphate  is  precipitated  thus — 

K.,30,  +  BaCk  =  2  KGl  +  BaSOi 

It  waa  formerly  deemed  necessary,  in  order  to  ensure 
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accurate  reaalliB,  to  evaporate  the  solution  of  ferric 
chloride  till  a  scum  began  to  form  upon  its  surface,  thus 
getting  a  liquid  containing  practically  no  free  hydro- 
chloric acid.  It  was  also  the  rule  to  precipitate  the 
BaSO^  from  a  largely  diluted  solution.  The  necessity 
for  these  precautions,  like  many  other  chemical  tradi- 
tions, had  no  foundation  in  fact.  Mr.  L,  Archbutt,  in  a 
very  useful  investigation  on  this  point,  proved  that 
better  results  are  obtained  in  a  fairly  concentrated  solu- 
tion containing  a  moderate  excess  of  free  acid,  than  under 
the  old  conditions.  Subsequent  trials  by  the  authors 
fully  confirmed  the  accuracy  of  Mr,  Archbntt's  main  con- 
clusion, but  his  plan  of  precipitating  the  BaSOt  from  a 
rather  concentrated  solutnon  of  ferric  chloride  at  a  boiling 
heat  is,  in  the  authors'  opinion,  inadvisable,  the  ignited 
precipitate  under  these  conditions  being  frequently  red 
with  a  small  quantity  of  oxide  of  iron,  due  to  the  pre- 
cipitation with  the  barium  snlphate  of  obstinately  retained 
basic  iron  salt,  insoluble  in  very  dilute  hydrochloric 
acid. 


Gravimktric  Dktekmination  op  Sdlfheib  by  tbb 
EvoLimoN  Methoji  (Frescnius,  modified). 

On  referring  to  the  reactions  of  hydrochloric  acid  upon 
steel  (page  55),  it  will  bo  seen  that  the  sulphide  of  iron 
existing  diffused  throughout  the  mass  of  the  ateol,  is 
totally  decomposed  by  the  acid  with  evolution  of  ifjS  gas. 
Many  methods  have  from  time  to  time  been  proposed, 
having  for  their  object  the  oxidation  of  the  evolved 
sulphuretted  hydrogen  to  sulphuric  acid,  so  that  the 
latter  on  precipitation    aa    BaSO,   should    become    the 


METALS 


IIS 


Apparatus  required. 


f  the  aulphur  iu  the  steel.  The  beat  method  of 
this  type  is  that  in  which  the  H^S  is  oxidized  by  bromine ; 
for  this  purpose,  one  of  the  authors  has  derised  the 
uiodificatioa  about  to  be  described. 

(Fill  up  the  arraagetnent  sketched  in  Fig.  13:  A  ia  a 
glass  gas-holder  filled  with  hydrogen,  previonBly  washed 
through  strong  caustic  soda  solution;'  b  is  a  full-necked 
I2-OZ.  flask,  carrying  in  its  india-rubber  stopper  an  inlet 
tube  for  the  hydrogen,  a  GO  cc.  stoppered  separator,  and 
an  outlet  bend  for  the  gases  evolved  fi-om  the  steel ;  the 
rack  c  is,  however,  replaced  by  the  absorption  cylinder  X 
of  about  160  cc.  capacity,  30  mm.  iuternal  diameter, 
marked  at  20  and  120  cc,  and  having  below  the  first- 
named  mark  a  glass  tap  (Pig.  12).  The  top  of  the 
parallel  cylinder  is  ground  inside,  and  provided  with  a 
well-fitting  glass  stopper.  During  the  absorption,  how- 
ever, it  is  closed  with  an  india-rubber  stopper  carrying  a 
curved  inlet  tube  (on  which  has  been  blown  a  bulb 
0"2  mm.,  smaller  than  the  inside  diameter  of  tho  cylinder), 
and  an  outlet  bend,  y  (Fig.  12)  is  a  washing  cylinder 
containing  strong  caustic  soda  solution,  and  it  is  attached 

P between  X  (Fig.  12)  and  aspirator  d  (Fig.  13).  Tho  parts 
pr  the  apparatus  are  connected  together  with  good  thick- 

'  Prepare  tho  hjtlrogen  frotQ  dilute  liydrwhloric  acid  and  granii- 
luted  zine  placed  in  &  GJter  pump  vessel,  with  a  side  lending  tube. 
The  fliifk  in  fitted  with  an  india-nibber  bung  carrjing  a  50  cc. 
{toppered  separator  from  which  U>  deliver  the  lu^id.  The  strong 
"\HO  aolution  is  contained  in  a  washing  eyiiiider  litted  with  an 
ia-riibber  bung  with  two  lioles  carrying  the  uHiial  bent  tubes. 
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walled  india-rubber  tubing-,  and  the  india-rubber  stopper 
in   the  absorption  cyhnder  muat  liave  been  freed  from 


W^ 
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Hurfaco  sulphur  by  boiling  with  dilute  caustic  soda,  and 
afterwards  in  several  changes  of  water. 


(Time 


mpied,  about  4  hours.) 


Weight  iaken. — Weigh  out  into  the  lO-oz.  flnak  Q 
grammes  of  the  steel  in  drillings. 

liemoviiig  the  air. — Cover  tho  drillings  with  about 
30  CO,  of  recently- boiled  water  (under  which  tho  hydro- 
gen inlot  tube  must  dip),  and  set  up  tho  apparatus, 
having  previously  charged  the  absorption  cylinder  with 
3  cc.  of  pure  bromine  and  90  cc.  of  a  saturated  solution 
of  bromine  water.  Having  seen  that  the  system  is  air- 
tight by  opening  the  aspirator  tap  (when  the  passage  of 
air  through  the  cylinders  should  soon  cease) ,  gently  open 
the  hydrogen  tap,  and  pass  about  half  a  litre  of  the  gaa 
through  tho  apparatus. 

DissolvifKj . — Shut  off  the  hydrogen,  and  run  in  from  a 
«  separator  about  50  cc.  of  strong  HCl,  and  close  the  tap 
E  without  quite  emptying  the  bulb.    The  steel  may  at  first 
I    be  left  to  dissolve  in  the  cold,  being  afterwards  assisted 
to  complete  dissolution  by  gently  heating  the  sand-bath, 
and  finully  bringing  the  clear  acid  solution  just  to  boiling. 
Then  rtmiove  the  lamp,  quietly  aspirate  about  half  a  litre 
of  hydrogen  through   the  apparatus    to   carry  forward 
every  trace  of  H^S  into  the  bromine  tube ;  then  close 
ftiB  aspirator  tap,  and  force  through  the  hydrogen  till 
tthe  equilibrium  inside  the  apparatus  is  restored. 
H     FrecipUation  of  the  SO.,. — Detach  tho  bromine  tube 
Ffrom  the  flask  and  the  washing  cylinder.     Remove  and 
rinse  the  bulb  tube  inside  and  out,  and  dilute  the  con- 
tents of  the  cyHnder  with  distilled  water  to  the  120  cc. 
ark.     Put  in  the  glass  stopper,  and  well  mix  the  liqi 
f  inverting  two  or  three  times.    Take  out  the  stopp 
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and  tap  off  into  r  clean  20-oz.  boakcr  100  cc.  of  the  brown 
solution  containing  tKe  sulphur  in  5  graminoB  of  ateel. 
Cover  the  beaker,  and  bring  its  contents  to  boiling  on  a 
plato  in  tho  draught  cupboard  till  the  bromine  is  driven 
off;  then  add  down  tho  lip  5  cc.  of  pure  strong  IW} 
Bolution  and  20  cc.  of  the  10^  solution  of  barium 
chloride.  Boil  for  15  minutes,  to  render  the  precipitated 
BaSO^  crystalline,  in  which  condition  it  is  less  liable  to 
pass  through  the  pores  of  the  filter-paper. 

Treatment  of  the  precipitate. — Tho  barium  sulphate  may 
lie  at  once  filtered  off:  it  ia  washed,  dried,  ignited,  and 
weighed  exactly  in  tho  manner  already  described  for  tlie 
estimation  of  sulphur  by  the  aqua  regia  method  on  page 
110,  only,  as  the  liquid  from  which  the  BaSO^  was  pre- 
cipitated was  free  from  iron  salts,  the  filter  will  not 
require  washing  with  dilute  hydrochloric  acid,  but  with 
hot  water  only. 


T/iforcticai  Considerations. 

The  reason  for  using  recently -boiled  water  for  cover- 
ing the  drillinga  ia,  that  during  the  preliminary  hydrogen 
aspiration,  they  are  liable  to  bycomo  somewhat  rusted  by 
tho  action  of  the  dissolved  oxygen  in  ordinary  water,  from 
which  the  oxygen  is  expelled  on  boiling.  The  rust  or 
Fe^Os  would  form  FeCI.,  on  the  addition  of  HOI,  and  the 
ferric  chloride  might  possibly  decompose,  and  thus  pre- 
vent the  evolution  of  a  small  volume  of  H.,8  by  the 
reaction  given  on  p.  220.  A  similar  reason  exists  for 
sweeping  out  the  air,  the  oxygen  of  which  converts  a 
little  of  the  ^giS'  into  sulphuric  acid,  which  remains  i^. 
the  flask. 
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I     The  action  of  the  bromine  on  the  evolved  U^S  gaa  ie 
jEbrmnlated  in  the  following  equation — 
H.Ji  +  8  Br  +  4  HJ)  =  8  HBr  +  F,80, 
Salphuretted  liydrugos,  bromine,  and  witter  yield  a 
mixture  of  hydi-obromic  aud  sulphuric  acids:  the  bromiae 
OBod  must  of  course  bo  sulphur-free,  and  in  eetttng  up 
any  modification  of  tho  foregoing  installation,  it  must 
always  be  borne  in  mind  that  india-rubber  stoppers  and 
tubing   contain  sulphur  oxidizablo  by  bromine,  and  if 
ViOareleBBly     arranged     tuay    lead    to    mysteriously    high 
reeulte.    The  cylinder  of  aodic  hydrate  solution  serves 
absorb    the    bromine   vapour  carried  away  with  tho 
ises,  which,  if  allowed   to  eBcape  into  tho  air  of  tho 
laboratory,  would  prove  exceedingly  irritating  to   tho 
lyes  and  lunga.    The  reaction  of  tho  absorption  ia — 
2  NaHO  +  2  Br  =  Nnlir  +  NaBrO  +  Rfi 
Sodic    hydrate    and   bromine   yield  sodium    bromide, 
■dium  hypobromito,  and  water.    It  will  be  noticed  that 
ite  bromine  absorption  tube  is  constructed  on  the  prin- 
blplo  already  deecribcd  on  p.  33  for  potash  bulbs. 
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VoLUMETUic  Determination  or  SuM'tiOB. 
Method  I.   (Arnold  and  Hardy.)' 

Re-agent  reqtUred. 

Standard  solution  of  load  aeelaie. — Pick  out  from 
&e  centre  of  larger  crystals  of  pure  acetate  of  lead 
^Fb{0iH30.i).j,  3   E^O]   small   bright  fragtnenta    of   the 

'   ■' Chemical  News,"  I88B,  No.  1496. 
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fully  hydrntcd  salt,  and  weigh  out  into  &  litre 
I'182  ffrominoa,  distiolve  in  100  oc.  of  diatillod  water 
lUid  10  I'd.  of  P.B.  acetto  acid,  then  with  distilled  water 
mnke  up  tho  liquid  to  exactly  1000  cc,  and  thoroughly 
mix  thp  solution  to  ouaure  oqual  diffusion  of  the  lead 
«»lt.  Preserve  tho  stnndard  floid  ix\  a  wol I- stoppered 
bottle,  labelled,  "  Pb{i\H^O.^.,.  2  cc.  =  0-01%  S  in  twi 
grauimvjii  of  sli-cl." 


77tc  I'roceax. 
(Titnt'  occupied,  about  IJ  hours.) 


two 
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Wf^ghl  tukih. — Wfiffh  out  into  an  8-oz.  full-necl 
dry  duk  3  granimea  of  drillings,  and  cover  them 
iJO  CO.  of  rocontly-boiled  distilled  water. 

The  apparahu. — Atttich  tho  flask  to  the  apparatus 
skvlohinl  in  Vig.  H.  A  is  a  glass  gas-holder  containing 
hydrogen  washed  lliruiigh  a  strong  tiolution  of  caustic 
isodn  ;  II  is  tho  tlask  carrying  an  india-rubber  stopper  in 
which  is  an  inlet  tube  (dipping  under  tho  surface  of  the 
water),  a  50  do.  stoppered  aeparutor,  and  an  exit  bend 
for  tlio  gases ;  c  ia  a  rack  containing  from  three  to  thir- 
teen tuboa  (according  to  the  naturo  of  the  material  under 
analysis],  each  previously  charged  with  2  cc.  of  tho 
tttandard  loaii  solution  accurately  doiivered  from  a  burette. 
A  full-sized  sketch  of  a  pair  of  the  bulb  tubes  is  given 
in  Fig.  1+.  They  work  upon  the  principle  of  tho  potash 
bulb  di'scribed  on  p.  ii''i.  Tho  first  tube  in  the  rack  is 
uot  charged  with  standard  solution,  but  with  1  cc,  of 
distilled  water;  it  acts  as  a  condenser  for  fumos  of  IIOI. 
ii  is  a  glass  aspirator,  graduated  in  half  litres.  Through- 
out, the  apparatus  should  be  provided  with  well-fitting 
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^itept  regular  nod  BOiiiewh«t  «iow;  »»  it  )iiw<«i»il»  HiUw  (tdftf 
tabe  will  blacken  fnun  iho  formfttiou  »r  PhS,  wUluli  ti«li 
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Sret  in  an  umulHified  coDdition,  but  afterwards  preci 
tatcs  in  flocks  in  the  first  one  or  two  tubes.  As  the  Eola- 
tion reivchoB  boiling-point,  open  the  hydrogen  tap,  and 
carry  forward  the  last  trauos  of  H,S  into  the  registering 
tuboe  by  aspirating  about  half  a  litre  of  the  gas.  Then 
rood  off  the  porceutage.  Each  tube  blackened  equals 
0-01%  9.  There  is  no  difficulty  in  reading  to  0-005% 
roproBentod  by  the  last  tube,  being  evidently  only 
partially  Baturatod  with  sulphur  at  the  end  of  tho  pro- 
eotiH. 

Oluani'iuj  tltv  tubes  and  liulbs. — These  are  readily  cleared 
from  a<Iheriug  PhS  by  respectively  filling  and  dipping 
thoin  with  and  into  warm  dilute  nitric  acid,  after  which 
they  must  bo  very  thoroughly  washed  with  water  before 
being  again  used,  otherwise  the  next  oatimation  will  be 
worthlees,  owing  to  the  oxidation  of  tho  dark  PbS  to 
oolourlofis  PbSOi  by  any  traces  of  nitric  acid  present. 


T/ieorctical  Considerations. 

The  principle  of  tho  evolution  method  has  been  already 
described  in  the  article  on  tho  brounne  process.  The 
reaction  between  the  lead  acetate  and  the  evolved  Ht8 
is — 

Pb{CiH^O.j).  +  H^S  =  PbS  +  2  CJlfi. 

Load  acetate  and  hydrogen  sulphide  yield  dark-browa 
sulphide  of  lead  and  freo  acetic  acid.  By  the  above 
equation  it  will  bo  seen  (romorabering  that  the  original 
lead  salt  contained  three  molecules  of  water)  that  378 
parts  by  weight  of  the  acetate  combine  with  3198 
pitrts  of  sulphur.    The  standard  solution  was  made  by 
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IdisBolving    1-I82   gramnies   of  acebftto   in    1000   cc.   of 
Boater. 

,    Therefore  -r^^  =0'001182  parts  (.facclaU'  louibine  with— 

ai'08xO'OOIlH2 
— =0-0001  parUotS. 

or  1  PC  =  OVQS'lo  A'  in  2  srammen  i)f  atecl. 
.-.2  cc.  =  0010"/o  S    „ 

The  remarkable  absorptive  powM-  of  tho  bulbs  enables 
Stem  Ui  sharply  separate  each  incromont  of  one-hun- 
Bnredth  "/,»  no  fhS  reaching  a  bulb  till  tho  lead  in  ifca 
BfeDow  next  the  evolution  flask  has  fixed  itti  equivalent  of 
gulphur;  but  tho  proportions  of  the  bulbs  and  cylinders 
mufit  he  accurate,  so  that  tho  liquid  is  always  divided 
into  two  layers  during  the  passage  of  gas,  one  above  and 
the  other  below  the  bulb.  If  the  latter  is  too  small  the 
liquid  will  remain  unbroken,  if  it  is  too  large,  nearly  the 
whole  of  the  solution  will  be  driven  to  tho  top  of  the 
bulb,  leaving  a  small  layor  of  liquid  through  which  the 
gases  do  not  bubble  at  tho  bottom  of  the  inlet  tube :  the 
dimensions  ebonid  be  strictly  in  accordance  with  the  full- 
sized  sketch.  The  phoaphoretted  hydrogen  evolved  from 
the  steel  has  no  action  upon  the  lead  salt,  and  the  current 
of  hydrogen  aspirated  at  the  end  of  tho  dissolution  carries 
forward  from  the  saturated  tubes  the  H^S  present  merely 
in  aqueous  solution  till  it  is  iixod  by  its  equivalent  of  lead 
in  the  next  unsaturated  tube.  It  is  an  interesting  fact, 
that  the  evolution  of  sulphur  during  the  process  ia  not 
proportional  to  tho  steel  dissolved,  because  when  only 
about  half  the  steel  has  passed  into  solution,  about  two- 

I^rds  of  the  total  sulphur  haa  been  evolved. 
L   It  is  of  great  importance  that  the  acid  used  be  devoid 
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oifree  chlorine,  which  would  oxidize  the  H^S  to  ffjfl 
in  which  form  it  would  remain  in  the  flask,  and  its  regis- 
tration in  the  lead  tubes  would  be  missed.  The  acid 
should  bo  teitted  with  atarch  and  pnre  KI  in  the  manner 
deacribod  on  p.  211,  the  hydrochloric  being  substituted 
for  the  acetic  acid. 

After  many  years'  experience  of  the  working  of  thia 
process  in  carrying  out  many  hundreds  of  estimations 
{occasionally  checked  by  precipitating  the  sulphur  as 
BnSOi),  the  authors  have  no  hesitation,  as  far  as  the 
cases  of  completely  soluble  steels  and  bar-irons  are  con- 
corned,  in  pronouncing  it  to  be  a  most  accurate  and 
rapid  method.  The  process,  however,  in  the  case  of 
gray  hematite  pig-irona  containing  about  0"05%  of 
sulphur  has  not  worked  so  satisfactorily,  results  as  much 
as  0'02^  low  having  been  occasionally  registered;  but 
with  spiegel  and  Swedish  white  iron  good  results  have 
been  obtained. 


He-agents  required. 

Purn  aoiiium  hydrate  golution. — One  poand  of  the  pure 
solid  (from  sodium  metal)  is  dissolved  in  water,  and  the 
solution  tranafiTred  to  a  Winchester  quart,  which  is 
then  filled  by  the  addition  of  water.  This  is  a  stock 
solution  capable  of  lasting  for  a  great  number  of  deter- 
minations, as  only  10  cc.  are  required  for  each. 

—  Iodine  sohiiinn. — Weigh  off  accurately  2  'Si  grammes 
50 
of  pore  re-8ub!imed  iodine,  transfer  to  litre-flask,  and 


BBolve    by    adding    water    and 
rotsesiam  iodide.    Dilute  to  the  r 


ibout    6   gratniB 
ark. 


N 
50 


Sodtum     tkioeulphate     noluHoii. — Dissolve     4'96 

grammes  of  the  pure  crystals  in  water  and  dilute  to 
1000  CO.  This  solution  ia  made  purposely  for  checking 
the  strength  of  the  iodine.  This  is  done  by  measuring 
off,  say,  50  cc.  of  the  iodine  solution  and  adding  the 

IihioBulphate  from  a  burette  until  the  colour  of  the  liquid 
is  almost  discharged.    A  few  drops  of  starch  solution  are 
tiien  added,  and  the  addition  of  thiosulphate  continued 
bntil  the  blue  colour  is  just  discharged. 
Bta 
flSG 


Apparatus  rei/uired. 


Thesteelisdissolvcdinaflitskof  about  20  oz.  capacity, 
,Btanding  on  a  sand  dish  over  a  Buusen  burner.  The 
flask  is  closed  with  a  two-holed  bang,  one  hole  carrying 
a  thistle  or  tap  funnel  for  the  introduction  of  the  aoid, 
and  the  other  a  delivery  tube  in  the  form  of  a  50  co. 
pipette.  The  stem  of  the  pipette  is  bent  in  two  places, 
one  on  cither  aide  of  the  bulb,  and  in  such  a  way  that 
when  one  open  end  is  passed  through  the  bung  of  the 
evolution  flask,  the  main  length  of  the  pipette  with  the 
bulb  is  inclined  at  43  degrees  to  the  horizontal.  The 
other  bend  iH  made  to  the  same  angle,  and  the  open  ead 
passes  through  the  bung  of  a  3-bulbed  U-tube,  the  other 
branch  of  which  need  not  be  cloaed. 
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The  Process. 
(Time  occupied,  about  45  minuteB.) 
Weigh  o£f  5  grammes  of  the  ateel  into  tbe  flaak,  and 
join  up  with  tho  U-tube  charged  with  10  cc,  of  the 
sodium  hydrato  solution.  Introduce  a  Lot  mixture  of 
25  cc.  of  hydrochloric  acid  and  an  equal  volume  of  water 
by  means  of  the  funnel  and  allow  the  steel  to  dissolve. 
The  solution  is  promoted  by  putting  a  small  flame  under 
the  flask,  and  towards  the  finish  the  heat  is  increased. 
When  all  the  steel  is  dissolved,  the  liquid  is  boiled  for 
about  five  minutes.  During  the  action,  condenspd  stonm 
and  acid  collect  in  the  bulb  of  the  pipette  and  run  back 
into  the  evolution  flask.  (This  primitive  arrangement  of 
air  condeniiier  answers  all  requirements,  but  ns  a  further 
precaution  it  is  permissible  to  introduce  an  empty  bottle 
between  the  pipette  and  the  U-tube.)  Tho  liquid  in  tho 
U-tube  is  rinsed  into  a  umall  beaker,  diluted  to  about 
30cc.,and  a  misturoof  6  or  7  cc,  of  strong  hydrochloric 
acid  with  20  cc,  of  water  added.  Tho  solution  should 
now  be  acid,  and  the  liberated  sulphuretted  hydrogen  is 
determined  by  adding  a  few  drops  of  starch  solution  and 
then  running  in  tho  standard  iodine  until  the  blue  colour 
is  developed, 

N 
Each  cc.  of       iodine  =  0'00032  gramme  sulphur. 

Example:  A  steel,  tho  sulphur  in  which  was  known  to 
be  0'044^  was  treated  as  described  above;  and  lb  cc. 
of  iodine  were  used. 

7-6  X  -00032  =  -0024  gramme  sulphur. 
100 
Percentage  =  "0024  x   >-  =  '048. 
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Them'etical  Considfrations. 


The  aatbors  are  of  opinion  that  this  method,  whilst 

gelding  results  aufhciently  accurato  for  practical  par- 

B  and  in  a  comparatively  short  time,  is  not  so  reli- 

)  previously  described.   Its  indiciiti  oub  are 

ich  more  reliable  IF,  iaatoad  of  calculating  the  sulphur 
percentage  diroctly  from  the  amount  of  iodine  U!(Gd  in 
the  titration,  a  steel  of  known  sulphur  contents  is  assayed 
in  the  same  way  with  oach  batch  of  samples,  and  the 
amount  of  iodine  used  up  on  the  standard  be  taken  to 
represent  the  known  percentage  of  sulphur  irrespective 

Iltogether  of  the  actual  strength  of  the  iodine. 
The  sulphuretted  hydrogen  evolved  when  the  ateel  is 
iesolved  in  hydrochloric  acid  is  absorbed  by  the  caustic 
>da  with  formation  of  sodium  sulphide. 
2  NiiEO  +  H^S  =  Na,S  +  2  H,0 
The  dilute   aoid    neutralizes    the    excess  of   sodium 
ydrate,   and    also    decomposes    the    sodium    sulphide 
liberating  a  small  amount  of  sulphuretted  hydrogen  in 
the  solution. 

INaHO  +  nCl  =  NaOl  +  H.,0 
I  Na.,3  +  2  HCl  =  2  NaCl  +  H.,S 

1     The   liberated  H.8  reacts  with  the  iodine,   forming 
Iiydriodic  acid  and  free  sulphur. 
n.J^  +  lj  =  2HI+S 
The  slightest  excess  of  free  iodine  added  beyond  what 
is  demanded  by  this  equation  reacts  with    the  starch 
indicator,  producing   blue  iodide  of  starch.      Prom    the 

I  preceding    equation,  one    atom  of   sulphur  (32  parts) 
demands  2  atoms  of  iodine  (254  parts),  and  since  each  cc. 
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of  the  atacdard  iodine  solution  contaios  000254  grammd 
iodine,  it  is  eqairalent  to  0'00032  gramme  of  sulphi 


The  Gravimetric  Dktermi nation  of  Pnospnc 
IN  Steel. 

There  are  several  accurate  gravimetric  methods  by 
means  of  which  phoaphoros  may  be  determined  in  steel, 

Tlie,  liitpui  Process  (Stead  and  Cook). 
(Time  occupied)  about  2  hours.) 

Re-agent  required. 

A  10%  solution  of  ammoniwn  molyh'iale. — This  is 
prepared  by  disBolviug  50  grammes  of  the  pure,  abso- 
lutely phosphorus- free  salt  in  about  400  cc.  of  hot  water. 
The  solution  when  cold  is  diluted  to  500  cc,  is  filtered, 

and  preserved  for  use  in  a  stoppered  bottle. 

The  Method. 

Weight  taken. — Weigh  out  two  grammes  of  the  }ter- 
fectly  clean  steel  drillings  into  a  20-oz.  beaker. 

DtMolviTv). — Pour  down  the  lip  of  the  covered  beaker 
30  CO,  of  nitric  acid,  sp.  gr.  1'2.  When  the  first  violent 
reaction  has  subsided,  heat  the  bquid  on  the  plate  tilt 
the  steel  has  dissolved,  then  add  7  cc.  of  strong  liCI 
solution,  and  boil  the  liquid  for  a  few  minutes. 

Precipitation  with  ammonia. — Remove  the  beaker  from 
the  plate,  rinse  the  cover  and  sides  of  the  beaker,  and 
replace  the  former.      Allow  the  liquid  to  utand  until 
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Bmoderatdly  oool.  Four  dovo  the  lip  of  the  beaker,  little 
■  by  little,  dilate  ammonia  (half  880,  half  water),  well 
shaking  roand  the  beaker  after  each  addition  of  alkali 
till  the  acids  are  nentralized ,  the  iron  completely  pre- 
cipitated as  hydrate,  and  an  excess  of  4  or  5  cc.  of  the 
ammoniacal  liquid  has  been  added.  The  beaker  must  be 
well  shaken  round,  till  the  mass  forms  a  fluid  paste 
smelling  strongly  of  ammonia. 

Ee-rhitBolving  the  iron. — Pour  down  the  lip  of  the 
beaker  from  a  10  cc,  measuring-glaaa  strong  nitric  acid, 
1  cc.  at  a  time  (well  shaking  round  after  each  addition), 
till  the  iron  precipitate  has  completely  dissolved.  Then 
add  3  cc.  more  of  the  strong  nitric  acid.  Boit  down  the 
liquid  till  it  measures  about  iO  cc,  and  any  splashinga 
of  hydrate  of  iron  formed  during  the  treatment  with 
ammonift  have  dissolved  otf  the  cover  and  sides  of  the 
,  beaker. 

Precipitating    the   /ihospkorug. — -Remove    the   beaker 

l&om  the  plate,  take  off  and   rinse  the  cover,  and   by 

as  of  a  pipette  deliver  into  the  centre  of  the  hot 

f  liquid  15  cc,  of  the  10%  solution  of  ammonium  molyb- 

I  date.     Qently   shake   the   liquid    round,    till  any    pale 

\  yellow   flocka   of   precipitated   hydrate  of  molybdennm 

bave  dissolved.    Next  digest  the  contents  of  the  beaker 

a  comparatively  oool  comer  of  the  plate  or  on  the  top 

L  of  the  air-bath  (occasionally  well  shaking  it  round)  for 

ifiiteen    or   twenty   minutes,   till   the  yellow  precipitate 

Lreadily  settles  to  the  bottom  of  the  beaker  on  standing  a 

*  little  after  the  last  shaking, 

Mltering. — Collect    the    precipitate    on    a    90    mm. 

hardened  filter-paper,  contained  in  a  2-in.  funnel.   Rinse 

^    out  the  beaker  {the  aid  of  a  policeman  should  not  be 

^H  required)   with   a   fine  jet    of  water  containing   about 


i~  4f  ^*>*V  ■■kw  aoL  Waifc  tfce  p>|)^,  uui  pic- 
L-ipuBlii  An*  or  faor  timm  tOl  frw  from  aaf  visibU 
r  to  druB. 
rij  ipgwd  ont  the 
ft  af  a  S-CB.  cioek -gloss,  bo 
*h««0»W%»af  thi  ffT  iirut  tfcg  prrcipittte  projects 
onr  A*  a^;*  flf  tte  I^^mk.  Tbea,  bj  raeutj  uf  a  very 
Ca»j«t«f  «aU«alv,  mk  IW  fwcipiuttj  into  a  deu, 
brw]  pliliMnB  «r  yoRclHa  &k  aboal  Sf  "*  dnowter. 
V^  itb  %mmtamtfy  Sm  wwh  !»«!■  jrt  30  eo.  of  water 
ElMWlfce  i]k&  on  the  hot 


ybtbg  mvr  •  little  IimIim  of  bofltng  nter,  and  eTsporste 
ife*  ciMitrBlS  to  ilijnmii  R«jnore  the  dish,  and  dry  it 
ontstdtf  with  »  clc«B  duster,  uid  plftor  for  Gre  minat^sin 
lh«  ur-Utfa  at  I00>  C. 

It'rvr^tM^. — Allow  U>  Cixil  in  a  d(*9icc*tor,  and,  as 
quickly  as  possible,  the  yellow  precipitate  being  hygro- 
MTopic,  re-weigh  the  dish;  the  increase  is  ammonio- 
phoepho-molybdate,  containing  l'6o%  of  phosphorus. 

Emamyle  of  Caleulatioit. 

MaT  6,  tSSO.  Bwdeuivt  Rail.      Blow  932. 

We^ht  takeu  3  grauiiues. 

^>i^ll  +  |)rM;ipitate  =  32-t»iH 

WeixU  oiMisU  =  3-2  5482 


Theoretical  Considei-ations. 

.  Tbe  foregoing  modifi cation  of  the  molybdate  procees 

'  IB  essentially  that  ileviaed  by  Messrs.  Stead  and  Cook 
for  the  determination  of  phoaphoma  in  basic  steels 
practically  free  from  silicon,  it  being  a  canon  of  ana- 
lytical faith,  that  silicic  acid  was  carried  down  from  its 
nitric  acid  solution  with  the  molybdic  precipitate.  This, 
however,  as  far  na  ordinary  steels  are  concerned,  was  a 
groundless  fear,  as  one  of  the  authors  has  proved  thai 
even  with  ateela  containing  0'2^  of  silicon,  practically 
the  whole  of  the  silica  ia  found  in  the  filtrate  on  evapor- 
ating the  latter  twice  to  dryness  with  strong  hydrochloric 
acid.  This  fact  extends  the  applicability  of  the  process, 
which,  however,  should  only  be  employed  within  the 
following  limits: 

(a)  For  steels  containing  0*04%  and  upwards  of 
phosphorus. 

For  steels  absolutely  free  from  any  insoluble  resi- 
jdne,  such  as  tungsten,  scale,  etc. 

(c)  For  steels  containing  under  1%  of  combined 
carbon,  because  an  excessive  amount  of  organic  colouring 
matter  has  a  tendency  to  prevent  the  complete  pre- 
cipitation of  the  phosphorus. 

The  authors,  to  ensure  the  complete  original  solution 
of  the  silicon,  have  slightly  modified  tho  directions  given 
by  Messrs.  Stead  and  Cook  for  dissolving  the  steel. 
Irrespective  of  this  point,  they  have  never  bcon  able  to 
follow  the  published  instructions,  namely,  to  "dissolve 
two  grammes  of  the  steel  in  12  cc.  of  nitric  acid,  sp,  gr. 

tl'42,  and  5  cc.  of  water,"  simply  because  two  grammes 
)f  steel  will  not  completely  disBolve  in  snch  a  mixture. 
L ^ 
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Tlio  forogoing  method  is  rapid,  and  when  carried  oat 
with  oare,  gives  concordant  imd  accurate  results;  but 
nlighl  violations  of  the  empirical  conditions  necessary 
for  BucoesB  may  cause  the  process  to  register  percentages 
in  some  casoa  seriously  below,  in  others  considerably 
higher,  than  the  true  phosphorus.  The  conditions  under 
which  tho  yellow  precipitate  is  formod  are  not  well 
imdorstood.'  It  was  formerly  supposed  that  chlorides 
flhould  bo  absent,  hut  it  ia  now  generally  admitted  that, 
oxcppting  hydrogen  chloride,  they  cvon  favour  the  pre- 
cipitation, if  coincident  with  the  other  absolutely  necea- 
iiary  couditioua,  which  are  specified  below. 

I ,  The  iron  must  bo  in  nitric  acid  solution,  with  free 
acid  in  some  excess.  If,  however,  the  excess  is  too 
grcitb  the  result  is  low,  or  in  extreme  cases  no  pre- 
cipitate is  obtained.  If  insufficient  free  nitric  acid  is  in 
tho  liquid,  tho  latter  is  dark  in  colour,  and  the  pre- 
cipitate thrown  down  has  a  reddish  tinge,  due  to  the 
preaenco  of  basic  nitrate  of  iron  carried  down  with  it, 

2,  Tho  presence  of  a  large  amount  of  ammonium 
nitrate  is  noceasary. 

8.  The  presence  of  a  large  excess  of  ammonium 
molybdate,  say  500  times  the  weight  of  the  phoaphorua 
present,  is  very  important. 

•1.  The  temperature  of  the  precipitation  must  be  kepb 
well  under  100"  C,  or  free  molybdic  acid  may  be  pre- 
cipitated, causing  a  high  reault.  A  prolonged  digestion 
may  also  produce  the  same  effect. 

5.  The  total  bulk  of  liquid  in  which  the  phosphorus 
is  precipitated  should  measure  from  50  to  60  cc. 

It  will  be  seen   on   comparing  the  above   with  the 

'  See,  however,  Ilnndeshageirs  paper,  "  Chem.  News."  toI.  60, 
pp.  169  «t  4eq. 
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Tactical  directions  that  the  necessary  conditioDS  are 
there  secured;  but  the  atudL-nt  should  carefnlly  make 
some  experiments  on  a  series  of  weighings  from  one 
ateel,  trying  to  get  accurate  results,  high  results,  or  low 
results  by  respectively  adhering  to  or  suitably  violating 
the  conditions  given.  He  wiU  thus  learn  how  to  estimate 
"  phosphorus  by  molybdate  "  with  a  far  more  enduring 
knowledge  than  written  instructions  can  convey. 

The  reactions  taking  place  during  the  determination 
of  phosphorus  by  the  rapid  molybdate  process  are  as 
follow: 
^V  I,  The  phosphide  of  iron  present  in  the  steel  is 
^KHcidized  by  the  nitric  acid  to  phosphoric  acid  [see 
^K|),  58),  and  the  silicon  forms  a  stAble  solution  of  silicic 
Bacid(seep.  58). 

^P  2.  The  neutralization  of  the  free  nitric  and  hydro- 
chloric acids  by  ammonia  with  formation  respectively  of 
ammonium  nitrate  and  chloride,  takes  place  thus  : 

•  HNO^  +  AmHO  =  AmNO^  +  EiO 

nCl  +  AmHO  =  AmOl  +  H^O 

3.  The  complete  precipitation  of  the  iron  as  hydrate 
(and  to  the  extent  of  the  phosphoric  acid  present  as 
phosphate)  by  the  excess  of  ammonia,  occurs  thus  ; 

^  Fe{NO.^)>,  +  Z  AmSO  =  lfe(ffO),  +  :i  AmNO^ 

H>  4.  The  nentralization  of  the  excess  of  ammonia  and 
the  re-solution  of  the  precipitated  hydrate  (and  phos- 
phate) of  iron  by  excess  of  nitric  acid,  takes  place  thus : 

Fe  {SO);  +  3  ENO^  =  Fe(NO^)^  +  3  K,0 

5,  The  precipitation  of  ammonio-phospho  molybdate 
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by  the  addition  of  excess  of  ammomnm  molybdate,  is 
effected  thua: 

H^PO^  +  12  Am^MoO^  +  23  HNO^  = 

Am^PO^-   12  MoO^-  ZRNOj-  H^O -^  21  AmNOs  +  U  H^O 

(The  yelluv  preci[iiljile.) 

The  yellow  compound  coctainiiig  the  phosphorus 
cannot  be  ignited  in  the  ordinary  way,  because  when 
strongly  heated  it  decompoacs,  leaving  a  fixed  residue 

of  dnbioua  composition, 

On  drying  at  100''  C,  it  loses  water  and  nitric  acid 
leaving  a  residue  with  thecoinp03itiou(yl?n.3P0/  12  MoO^), 
which  coincides  with  the  I'G5%  of  phosphorus  which 
universal  practice  has  indicated  to  be  proaont,  i 


Othek  METHona  for  Detkhmination  op  PuospnoRtrs. 
Re-agent  required. 

Standard  solution  of  ferric  iron. — This  ia  prepared  by 
dissolving  in  a  20-oz,  beaker  2505  grammes  of  pure 
Swedish  Lancashire  heorth  bar-iron  in  35  cc.  of  strong 
HCl  solution,  and  then  adding  3  cc.  of  strong  nitric  acid 
to  perosidize  the  iron.  The  solution  ia  boiled  down,  and 
finally  very  gently  evaporated,  till  crystals  of  ferric 
chloride  begin  to  separate.  These  are  re-dissolved  in 
cold  water,  the  iron  solution  ia  transferred  without  loss 
to  a  250  cc.  graduated  Sask,  diluted  to  the  mark, 
thoroughly  mixed,  and  ia  stored  for  use  in  a  stoppered 
bottle  labelled  "  Standard  PeCl^  Solution,  1  cc.  =  O'Ol 
gramme  Jfe." 


^V  The  next  throe  pi'ocesaes  to  be  described  have  in 
common  up  to  a  certain  point  »  series  of  identical 
operations  which  will  be  next  dealt  with.  They  may  alt 
be  employed  in  caaes  for  which  the  rapid  molybdate 

I  method  is  not  suitable,  naraoly,  for  high  carbon  steels, 
and  for  bar-iron,  blister,  and  cast  atecU  of  Swedish 
origin,  which  usually  do  not  contain  more  than  0'02% 
«f  phosphorus.  The  combined  method  is  perhaps  the 
iiuost  strictly  accurate,  and  in  the  authors'  experience 
lias  yielded  slightly  higher  reaultd  than  any  of  the 
others. 


The  Preliminary  Process. 


Wm'jhl  taken. — Weigh  out  into  a  20-oz.  covered 
l}eakGr  5  grammes  of  the  stoel.' 

DUsoloing, — Add  down  the  lip  of  the  beaker  50  oc. 
of  nitric  acid,  sp.  gr.  1"2.  This  should  be  added  10  oc. 
at  a  time,  allowing  tho  violent  reaction  to  subside  be- 
tween each  addition.  Then  quietly  boil  the  contents  of 
the  beaker  till  the  drillings  have  dissolved. 

Evaporating  to  drtfness. — The  aolntion  is  then  evapor- 
ated to  complete  dryness.  The  rapidity  with  which  this 
is  accomplished  depends  to  a  considerable  extent  upon 
the  skill  of  the  operator.  Any  attempt  to  boil  or  even 
to  evaporate  quickly  to  dryneaa  without  careful  attention 
will  entail  the  loss  of  the  estimation,  as  the  result  of  a 
violent  spitting  of  the  iron  solution.  The  beat  plan  ia 
to  boil  down  briakly  in  the  centre  of  the  plate  till 
symptoms  of  spitting  develop,  and   then   to   alter  the 

'  Or  decide  on  tbe  weight  to  be  LaJteii  for  aiinlysia  after  reference 
K>  tbc  tabic  ou  p.  25S. 
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positioD  of  the  beaker  bo  as  to  bring  one  side  on  the 
portion  of  the  plate  jnat  over  the  edge  of  the  Bunsen 
flame.  The  Bolution  on  the  warmer  side  of  the  beaker 
will  then  gradually  become  dry,  and  the  gentle  boiling 
may  be  continued  till  there  is  danger  of  the  drops  falling 
from  the  cover  breaking  the  hot  beaker.  At  this  stage 
it  mu§t  be  placed  on  a  pipe-stem  triangle,  and  after  re- 
moving the  cover  the  liquid  ia  carefully  evaporated  to 
complete  dryness,  the  dry  mass  being  espoaed  to  a  strong 
fiiifil  heating  in  the  contra  of  the  plate. 

Re-dissolving. — The  hot  beaker  having  been  allowed 
to  cool  in  the  hand  or  on  a  warm  asbestos  pad,  the  cover 
ia  replaced,  and  the  oxide  of  iron  is  dissolved  by  boiling 
ib  with  50  cc.  of  strong  hydrochlonc  acid. 

Seducing  the  iron. — Transfer  the  ferric  chloride  solu- 
tion without  loss  to  a  30-oii.  registered  flask,  and  dilute 
with  hot  water  to  200  cc.  Next  add,  little  by  little,  con- 
stantly shaking  round  the  flask,  dilute  ammonia  (half  880, 
half  water) ,  till  the  acid  ia  neutralized  and  a  slight  per- 
manent precipitate  is  obtained ;  then  add,  so  as  to  rinse 
down  the  sides  of  the  flask,  about  100  cc.  of  strong 
sulphurous  acid  solution.'  The  liquid  ia  then  well  boiled. 
Again  neutralized  as  before  with  dilute  ammonia,  20  cc. 
of  sulphurous  acid  are  added,  and  the  liquid  ia  again 
briskly  boiled  till  the  solution  is  pale-green  in  colour, 
and  the  smell  of  SO-j  has  disappeared. 

Precipitutifig  the  FcPOt. — Add  to  the  ferrous  solution 
from  a  pipette  5  cc.  of  the  standard  iron  solution ;  shako 
the  liquid  well  round  and  bring  it  to  boiling,  and  gradu- 
ally add  25  cc.  of  hot  ammonium  acetate  solution,  after 
which  continue  the  boiling  for  a  few  minutes. 

'  Muiic  l)j  saturutinj!  dislilleil  water  with  SO^  evolvod  from  a 
sypbou  of  the  liqiieRed  ga?. 
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Mltering, — Hemove  the  flask  from  the  plate,  and 
ilow  the  precipitate  to  settle  somewhat.  It  is  then 
roollected  on  a  110  min.  paper,  using  either  the  filter- 
pnmp  or  attaching  to  a  2;J^-in,  ribbed  funnel  the  filtering 
loop  sketched  in  Fig.  2.  The  hot  flask  should  be  held 
in  a  thick  duster,  and  as  much  as  poasibie  of  the  clear 
,]iqmd  should  be  got  through  before  disturbing  the  pre- 
cipitate. The  at  first  clear,  greenish  filtrate  soon  be- 
comes yellow  and  turbid,  and  an  apparently  large  amount 
of  a  flaky  scum  of  basic  ferric  acetate  is  formed  on  the 
Barface  of  the  liquid  and  the  sides  of  the  flask.  Allow 
the  flask  to  drain  thoroughly  into  the  filter,  but  do  not 
attempt  any  washing  beyond  removing  the  drop  of 
liquid  from  the  lip  of  the  flask ;  the  filter  also  is  allowed 
to  drain  well,  and  the  loop  is  removed. 

DisBoIviiig  up  the  precipitate. — Hang  the  funnel  inside 
A  clean  20-oz,  beaker,  and  boil  30  cc,  of  strong  hydro- 
ehioric  acid  in  the  flask  in  which  the  precipitation  took 
;J)lace,  till  the  precipitated  scum  has  passed  into  solution, 
'Then  cautiously  drop  the  hot  yellow  liquid  round  the 
edges  of  the  filter-paper  till  the  precipitate  is  dissolved 
ap ;  well  rinse  the  flask  out  into  the  filter,  and  wash 
the  latter  with  hot  dilute  hydrochloric  acid  and  cold 
water  till  free  from  any  yellow  tinge,  using,  however, 
as  little  wash  liquid  as  possible. 

Evaporating  to  low  bulk. — Remove  the  funnel  and 
hanger,  cover  the  beaker,  and  briskly  boil  down  the 
solution  to  low  bulk,  finally  gently  evaporating  with 
the  cover  off  to  about  .5  cc. 

The  yellow  liquid  thus  obtained  is  next  further  dealt 
with  in  a  manner  dependent  upon  which  process  is  to  be 
employed  for  the  final  precipitation  of  the  phosphorus, 
.The  case  of  each  method  will  be  presently  considered. 
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Theoretical  Considerations. 


I 


The  preliminary  solution  in  nitric  acid  converts  the 
iron  into  ferric  nitrute,  and  oxidizes  the  phosphide  of 
iron  to  phosphoric  acid  (see  p.  58) .  On  strongly  baking 
the  dry  mass  of  ferric  citrate,  it  ia  to  a  great  extent 
denitrated,  leaving  ferric  oxide  Fe^O-j  mixed  with  highly 
basic  nitrate  j  the  carbonaceous  colouring  matter  is  also 
decomposed.  The  highly  acid  ferric  chloride  solution 
reqnirea  neutralizing  before  reduction,  because  the  pre- 
sence of  a  large  amount  of  free  acid  prevents  the  perfect 
de-chlorinizatioa  of  tho  ferric  to  ferrous  chloride.  The 
result  would  be  a  bulky  precipitate  ditBcult  to  deal  with 
during  tho  filtration,  which,  however,  could  only  be 
obtained  by  tho  addition  of  a  very  largo  volume  of 
ammonium  acetate.  The  action  of  the  aulphuroua  acid 
on  the  nearly  neutral  aolution  of  ferric  chloride  ia  as 
foIlowB : 

2  FbC^  +  ^,303  +  ^^0  =  2  FeCk  +  S^SOt  +  2  HCl ' 

Ferric  chloride,  sulphurous  acid,  and  water  yield 
ferrous  chloride,  sulphuric  and  hydrochloric  acids.  The 
addition  of  0'05  gramme  of  ferric  iron  is  to  ensure  tho 
presence  of  sufficient  ferric  salt  to  precipitate  tho  whole 
of  the  phosphorus  present  as  ferric  phosphate  which  ia 
insoluble  in  an  acetic  acid  solution  of  ammoniam  acetate. 
The  6  cc.  added  are  amply  sufficient  to  precipitate  0'I5% 
P  in  5  grammes  of  steel. 

The.  traces  of   free   mineral   acids  liberated   by  the 

'  Tlhc  BL'coiiil  noutrnliznticm  is  necessary  to  rcmovB  the  frci'  bydro- 
chlaric  and  sulphuric  acids  liberated  ud  the  first  ndditioD  of  SU^. 


.  second  addition  of  sulphurous  acid  '  are  neutralizad, 
Kand  acotic  acid  is  subtititutied  in  their  place  by  tho 
Ldecoiaposibion  of  the  ammonium  acetate  with  the  forma- 
rtion  respectively  of  ammonium  sulphate  and  chloride, 
f  thus: 

H0l-¥Am{0,H^O^=AmCl+CMfi, 
The  phosphate  of  iron  misod  with  some  basic  ncotate 
is  then  precipitated.    On  dissolving  up  the  unwholesome- 
looking  mixture,  the  whole  of  the  phosphorus  which  was 

■contained  in  the  5  grammes  of  steel  is  concentrated  into 
fk  solution,  in  which  is  associated  with  it  only  a  com- 
paratively small  portion  of  the  iron  in  which  it  was 
originally  distributed,  and  tho  removal  of  tho  bulk  of 
the  iron  in  the  form  of  Boluble  ferrous  acetate  much 
facilitates    and    renders    more   accarate    the  snbseqoent 

I  precipitation  of  the  minute  percentage  of  phosphorus 
present. 


Moffnesia  Process. 
Re-agent  required. 


Magnesia.  miHiwe. — Diseolvo  25  grammes  of  pure  mag- 
nesium chloride  and  25  grammes  of  puro  ammonium 
chloride  in  hot  water ;  cool  the  solution,  mako  up  the 
volume  to  200  cc,  and  add  50  cc.  of  880  ammonia  solu- 

k'  Tlie  amount  of  free  xulphuric  and  h^droi'hloric  acicla  liberated 
DD  the  first  adiiition  of  WjA'Oa  amountH  to  many  grammefl,  thus  pre- 
venting a  complete  reduction.  Hence  tlic  ncccssitj  for  a  second 
iteutralixntioii. 
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tion.     Allow  the  mixture  to  stand  for  a  day  or  two,  and 
filter  off  the  clear  liquid  into  a   green  glass-stoppered 

bottle  provided  with  an  india-rubber  stopper. 


The  Method. 
(Time  occupied,  about  2  daya.'i 


I 


Converting  the  iron  into  citrate. — Rinse  the  aides  and 
cover  of  the  beaker  containing  the  5  cc.  of  yellow  liquid 
(obtained  at  the  end  of  the  common  preliminary  opera- 
tions), and  add  15  grammes  of  pure  citric  acid,  to- 
gether with  a  little  water  to  bring  the  crystals  into 
complete  solution, 

Precipitating. — Next  add  dilute  ammonia  till  the  liquid 
is  strongly  alkaline,  and  finally  2  cc.  of  magnesia  mix- 
ture. Shake  the  contents  of  the  beaker  well  round, 
covor  the  latter,  and  allow  it  to  stand  for  about  twenty- 
four  hours.  The  total  volume  of  liquid  should  not  exceed 
50  cc. 

Filtering. — Collect  the  crystalline  precipitate  on  a 
00  mm.  filter,  carefully  detaching  every  particle  adhering 
to  the  sides  of  the  beaker  with  a  policeman,  and  very 
thoroughly  wash  the  paper  with  water  strongly  alkaline 
with  ammonia  (I  volume  of  S80  to  3  volumes  of  water) . 

Weighing. — Tbe  precipitate  is  dried,  ignited  in  the 
L  a  tared  platinum  crucible,  and  weighed  with 
the  usual  precaution.  Its  formula  is  Mg.,P..Oj  {mag- 
nesium pyrophoaphate) ,  containing  27"93%  of  phos- 
phorus.   It  shonld  be  quite  white. 

'  iDchidtiig  tbe  prcliiuinary  operationB. 
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Theoretical  Corisiderations. 

The  citric  acid  prevents  the  precipitation  of  the  iron 
k  the  subsequent  addition  of  ammonia  by  forming  a 
liable  double  citrate  of  iron  and  ammonium : 

The  phosphorus  is  precipitated  as  a  double  phosphate  of 
ammonium  and  magnesium  (jlmifjfPOj)  +  Aqua.  This 
compound  on  ignition  loses  water  and  ammonia,  thus  : 
2  NU.MgPO,  =  MgJ'.O-,  +  ff.O  +  2  NH.^ 
The  foregoing  process  has  been  included  on  account 
of  its  chemical  interest,  but  its  employment  in  steel 
works  laboratories  has  been  abandoned  by  general  con- 
sent because  of  the  long  period  necessary  for  the  com- 
plete precipitation  of  the  phosphorus. 


The  Long  Molybdate  Met/uid  (Kiluy). 
Re-agent  required. 


Nitrir  acid  solution  of  am^nonium  inolybdate.  and  «i- 
(roie.^ Dissolve  in  a  GO-oz.  beaker  50  grammes  of  puro 
molybdic  acid  (MoO^  in  200  cc.  of  dilute  ammonia 
{80  cc.  of  880  and  120  cc,  of  water).  Then  add  without 
hesitation  in  one  quick  pouring  750  cc.  of  nitric  acid, 
ap.  gr.  1"2.  Heat  the  liquid  at  about  70"  C.  for  an  hour 
or  two,  allow  it  to  stand  for  a  day,  and  filter  off  the 
clear  liquid  for  uae.  In  the  bottle  in  which  it  is  pre- 
served, yellow  molybdic  acid  separates  after  a  time,  and 
ite  must  then  bo  tukon  that  none  of  this  precipitate 


itato  ^H 
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auspendeil  in  the  Bolution  when  the  latter  is  poured  out 
for  precipitating  phosphorus ;  the  liquid  must,  if  neoea- 
sary,  be  re-filterod  before  using. 


I 


The  Process. 
{Time  occupiedj  about  1  day.'} 

Obtaining  the  irow  tit  nilHe  add  solution. — To  (.ho  5  cc. 
of  liquid  in  hydrochloric  acid  solution  obtained  at  the 
end  of  the  common  operation,  add  dilute  ftniinonia  till 
the  hydrochloric  acid  is  neutralized,  the  iron  precipit- 
ated, and  a  distinct  excess  of  ammonia  is  present  after 
thoroughly  shaking  round  the  contents  of  the  beaker. 
Then  add,  drop  by  drop,  strong  nitric  acid,  till  the  pre- 
cipitate is  just  re-dissolved,  being  careful  to  bring  into 
solution  any  particles  adhering  to  the  sides  of  the  beaker 
as  the  result  of  shaking.  Bring  the  liquid  to  boiling  and 
remove  from  the  plate. 

PrecipHating  the  pkosphorus. — Add  to  the  hot  solu- 
tion down  the  lip  of  tho  beaker  30  cc.  of  tbo  clear  nitric 
acid  solution  of  ammonium  molybdate ;  well  shake  round 
the  liquid,  the  volume  of  which  should  be  about  50  cc. 

Estiitiaiing  the  phosphorus, — The  contents  of  tho 
beaker  are  digested,  the  precipitate  filtered  off,  washed, 
dried,  and  weight'd,  precisely  in  tho  manner  described 
for  the  rapid  molybdate  process  on  page  128,  in  which 
article  also  the  theoretical  con.'iid orations  have  been  fully 


dealt  with. 
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The  Combined  Method.' 
(Time  occupied,  about  !^  daya.') 

In  thia  process  the  yellow  phoBpliorus  precipitate 
obtained  in  the  last  method  is  well  digested  at  a  tem- 
perature of  about  100",  which  ensures  the  precipitation 
of  every  trace  of  phosphorus,  and  ia  ndmiaaible  because 
the  CO- precipitation  of  some  free  molybdic  acid  is  a 
matter  of  comparative  indiffprence.  The  precipitate  is 
filtered  off,  and  it  and  the  filter-paper  aro  washed  till 
free  from  iron  with  the  2^  solution  of  nitric  acid. 

IXssolmng  the  molybdate  preciintate.~-Tlie  fannet  is 
hang  inside  a  small  beaker,  and  the  precipitate  ia  dis- 
solved in  the  smallest  possible  quantity  of  hot  dilute 
ammonia,  after  which  the  paper  is  well  washed  with  a 

,e  jet  of  hot  water. 

Precipitating  the  phoiphoruB. — To  the  strongly  am- 

loniacal   fluid  add   2  cc.  of  strong   hydrochloric   acid 

[to   form   AviCJ),  and    shake    the   liquid  round   to  re- 

Iflsolve  any  precipitated   molybdic  acid  in  the  eiicesB 

ammonia.     At  this  point  the  volume  of  the  liquid 

lould   be    made  up  with   strong   ammonia   to   48   cc. 

-registered  by  a  diamond  scratch  or  slip  of  paper  pre- 

Tionsly    placed    upon    the   beaker.     Next,  holding  the 

beaker  in  the  right  hand,  and  continnonsly  rotating  its 

contents,   slowly  deliver,  drop  by  drop,  from  a  pipette 

held  in  the  left  band,  2  cc,  of  magneaia  mixture.    With 

occasional  shaking  the  authors  have  found  the  precipita- 

m  of  the  phoaphoruB  to  be  practically  complete  in  two 

'  J.  O.  Arnold,  "CbemicHl  Newa,"  No.  1  lU,  p.  147, 
'   Incloding  the  pfelimin»ry  operations. 
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hoars,  but  it  is  perhaps  aafeat  to  allow  the  beaker  to 
Btaii<l  over -night, 

Ettimatiihg  the  phosphorui. — The  precipitate  is  filtered 
off,  washed,  dried,  ignited,  and  weighed  exactly  in  the 
manner  described  in  the  article  on  the  magnesia  process, 
but  to  the  weight  obtained  on  the  balance  one  milli- 
gramme is  added  as  a  correction  for  the  slight  solubility 
of  amniouiuni  magnesiom  phosphate  in  dilute  ammonia 
nolution. 


Theoretical  Considerations. 

Most  of  the  points  calling  for  explanation  have  been 
already  dealt  with  in  the  magnesia  process.  The  reason 
for  slowly  adding  the  precipitant  whilst  the  liquid  con- 
baiuing  the  phosphorus  is  in  rapid  motion  ia,  that  ex- 
perience has  shown  that  under  these  conditions  the 
theoretical  composition  of  the  precipitate  is  best  secured. 
The  correction  for  the  solubility  of  the  precipitate — 
nainely,  one  uiilbgramme  of  pyrophosphate  for  each 
50  cc.  of  aolutioo — is  usually  also  applied  to  tho  Tolumo 
of  washing  liquid  used.  This  procedure,  however,  the 
antbors'  practice  indicates  to  be  inaccurate,  inasmuch  as 
the  ammonium  magnesium  phosphate  when  once  pre- 
cipitated is  practically  inaoluble  in  dilute  ammonia  solu- 
tion. In  precipitating  phosphoric  acid  with  magnesia, 
the  presence  of  a  large  excess  of  ammonium  chloride  is 
advisable  to  prevent  tho  possibility  of  a  co-precipitation 
with  the  double  phosphate  of  any  Mg{HO)i-  The  latter 
is  soluble  in  AmCl. 
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[TFFLEIIBNTABT  METHODS  FOE  DeTKBHIKATION 
OP  Phohphokus. 
) 
1 


Gravimetric  (Ibbotaon  and  Brearley.'^ 
(Time  accnpied,  aboat40  tninates.) 

He-agenta  required. 


Molybdate  re-agent, — This  ia  prepared  by  dissolving 
10  grammes  of  pure  moljbdic  oxide  in  a  mixture  of  17  co. 
■880  ammonia  with  25  cc.  of  water,  and  then  pouring 
the  clear  solution  into  125  cc,  of  nitric  acid  a.g.  1-20. 
The  amonnt  used  in  each  assay  is  filtered  off  when  wanted 

tfrom  this  stock  solution. 
4%  solution  of  [ea<l  acetate. — Dissolve  approximately 
4  grammes  of  lead  acetate  crystals  in  100  co,  of  water, 
The  turbid  solution  is  cleared  by  the  addition  of  a  few 
oo.  of  acetic  acid. 


The  Process. 


Weighing,  dissolving,  etc. — For  ordinary  steels  2 
grammes  of  drilbngs  are  weighed  out  and  brushed  into 
a  registered  conical  Bask  of  about  lO-oz.  capacity,  and 
45  cc.  of  nitric  acid  s.g,  1*20  then  added.  When  the 
brisk  effervescence  has  subsided,  heat  the  solution  to 
boiling,  and  add,  a  few  drops  at  a  time,  a  strong  solution 
of  potassium  permanganate  made  by  shaking  a  few  of 
the  solid  crystals  in  a  teat-tube  with  water.  When  a 
brown  precipitate  of  hydrated  manganese  peroxide  or  a 
'  "  Chemical  News,"  No.  83,  p.  122. 
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pink  colour  of  undecompoaed  permanganate  persists  for 
one  minute's  boiling  after  the  Ittst  addition,  add  in  small 
qoantitiea  at  a  time  a  solution  of  ferrous  sulphate,  pre- 
pared similarly,  until  the  precipitate  (or  pink  colonr)  has 
disappeared,  leaving  a  clear  yellow  solution. 

Formation  of  the  yellow  precipitate. — Cautiously  add 
4  cc.  of  '880  ammonium  hydrate  and  shake  the  flask  to 
dissolve  up  the  precipitate  of  ferric  hydrate  momentarily 
formed  in  the  excoaa  of  nitric  acid  present.  Wlien  all 
splaahings  have  been  dissolved,  30  cc.  of  clear,  filtered 
solution  of  the  ainmonium  molybdate  re-agent  are  added. 
The  flask  may  then  cither  bo  closed  with  an  india-rubber 
bung  and  shaken  vigorously  for  not  more  than  five 
minutea,  or  else  set  aside  for  about  fifteen  minutes  in  a 
warm  place  in  order  to  effect  complete  precipitation  of 
the  yeUow  compound  without  contamination  with  mo- 
lybdic  acid. 

Oonvereion  to  lead  tnojyhdate. — It  is  permissible  to 
filter  off  the  ammonium  phosphomolybdate,  dry  it  and 
finiah  the  assay  as  usual,  but  leas  time  is  consumed  by 
converting  the  molybdenum  contents  of  the  precipitate 
into  lead  molybdate  by  the  following  operations.  The 
yellow  precipitate  is  filtered  off  through  a  small  pulp 
filter  and  well  washed  with  cold  2°^  nitric  acid,  Tho 
funnel  is  then  placed  iu  tho  neck  of  the  flask  in  which 
the  precipitation  was  made,  and  4  cc.  of  concentrated 
ammonium  hydrate  poured  in  drops  over  the  precipitate. 
The  latter  quickly  dissolves.  Wash  tho  funnel  and  pulp 
twice  with  hot  water,  and  then  pour  tho  whole  filtrate 
once  more  through  the  same  filter,  catching  the  liquid 
in  a  similar  flask.  The  original  flask  is  washed  out 
several  times  with  hot  water,  the  washings  being  of 
course  passed  throagli  the   filter;  the  latter  is  finally 
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wasliei]  twice  with  hot  water.  Tlie  finsk  containing  the 
ammoniacal  aoiution  is  set  on  the  plate,  and  the  empty 
flask  by  its  aide  after  patting  in  it  60  cc  of  ammoniutn 
acetate  with  about  10  grammeB  of  ammonium  chloride 
jtfoviously  diBflolved  in  water  and  filtered  if  necossary. 

^hen  both  soJiitions  boil,  10  cc.  of  hydrochloric  acid 
added  to  the  ammoniacal  solution,  and  then  10  cc. 
of  the  4^,'^  load  acetate  Bolution.  This  mixture  ia  then 
at  onco  poured  into  the  boiling  mixture  of  acetate  and 
chloride  of  ammonium,  washing  in  every  trace  of  the 
acid  lead  solution.  Pure  lead  molybdate,  Pl/MoO^  ia  pre- 
cipitated as  a  nearly  white  granular  precipitate.  It  is 
61tered  off  through  pulp,  washed  with  hot  water  and 
i^ited.    Ite  weight,  multiplied  by  0'007,  represents  the 

LOflphoraB  in  the  2  grammes  of  steel  weighed  out. 


Example  of  Oalculatio, 

Le,  bruBhed  on  ptu,  weigheil 
01124 
KXI7 


•0003934x100  =  00; 


Theoretical  Considerations. 

The  addition  of  potassium  permanganate  to  the  nitric 
acid  solution  of  the  steel  completely  oxidizes  the  oar- 
bonaceoua  colouring  nmltor,  This  is  made  evident  by 
the  progressive  falling  ofi'  in  deplh  of  colour  up  to  the 
point  of  complete  oxidation  when  a  further  addition  of 
permanganate  reacts  with  the  manganous  nitrate  formed 
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by  its  deuom position  ic  the  earlier  stages  to  yield  a  pre- 
cipitate of  peroxide  (hydratod) . 
2  A'MfOi  +  3  &tn{NO,),  +  25^0  =  5  MnO.,  +  2  KNO, 

+  4  HJVO, 

The  permanganate  also  eervoa  another  useful  purpose 

in  that  it  hastens  the  convorsion  of  phosphorus  existing 

as  metaphoBphoric  acid  into  orthopho spheric,  the  latter 

alone  yielding  precipitates  with  ammonium  molybdato. 

mnUlphcwplioriP  orthlpphppspli.prli:  H 

The  precipitate  of  manganese  dioxide  is  curried  into 
solution  by  ferrous  sulphate.  This  reaction  is  the  busis 
of  the  Ford  and  Williams  mauganese  estimation,  and  has 
been  dealt  with  on  p.  87. 

The  4  cc.  of  concentrated  ammonia  are  added  for  the 
purpose  of  generating  ammonium  nitrate  in  the  solution. 
AmUO  +  UNO;,  =  AmNO,  +  Hfi 

The  yellow  precipitate  when  dissolved  in  ammonia 
yields  a  mixture  of  ammonium  phosphate  and  molyb- 
date. 

Am^PO,  -12  J/oO,  +  24  AmHO  =  Am,PO^ 
+  12^wiaJWoO,+  I2  Hfi 

AcidificatioD  of  the  mixture  produces  molybdic  acid, 
but  there  is  no  precipitation  either  of  lend  chloride, 
phosphate  or  molybdate  when  load  acetate  is  added,  the 
first  of  these  being  soluble  in  hot  solutions,  and  the  other 
two  in  the  excess  of  acid  used. 

Am^MoO^  +  2  ^0/  =  2  AmGl  +  H.MoO, 

When  this  solution  is  poured  into  the  mixture  of 
ammonium  acotato  and  chloride,  the  free  hydrochloric 
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acid  is  chan^d  to  acetic  acid,  in  which  lead  molybdate 
is  inaoluble.  Thia  componnd  precipitates  whiUt  lead 
phoaphnte  remains  im precipitated  on  account  of  its  solu- 
bility in  the  ammoniutn  chloride, 

HjJIfoO,  +  Ph{G.fi.fl^).,  =  ^bMoO^  +  2  HCJTsO^ 
^^1  The  carrying  out  of  the  procipitition  in  the   manner 
^^Kd  order  specified  ensures  the  formation  of  lead  molyb- 
^Tiate  in  the  form  of  a  rapidly- settling  and  easily -filtering 
precipitate. 

The  factor  0"007  which  converts  lead  molybdate  to 
ihosphorns  is  calculated  as  follows: 
I  Avi^PO,    "12    MoO^,  the  yellow   precipitate,    ■ 
be  atom  of  phosphorus,  weight  31.  Each  of  tho  12  atoras 
f  Mo  in  the  yellow  precipitate  yields  one  molecule   of 
pHoO^,  hence 

P  yields  12  PbMoO, 
31      „      12  (207 -f  96 -I- 04)  =  4-10.1 
i04  parts  of  PbMoO,  represent  31  parts  of  phosphorus 


4404 


=  •007 


Voi.nMETRic  (Handy).' 
(Time  occupied,  30  minutes.) 

Re-aijents  required. 

MotyhAaie  re-aijent. — S:ime  as  in  preceding  method. 
Standard  solidlon  of  nitric,  acid.— To  1,800  cc.  of  dis- 
tilled water  add  20  co.  of  strong  nitric  acid. 
'  "  Chemicnl  Ntiwa,"  vol.  76,  p.  324. 
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Siaiulard  solution  of  sodium  kyrfrah'. — Dissolve  about 
15  grammes  of  the  pure  solid,  and  make  up  to  2000  cc. 

Pheiiol-pJithalein  indicator. — Half  a  gramme  of  the 
solid  is  dissolved  in  a  mixture  of  50  cc.  of  water  with 
50  cc.  of  absolute  alcohol.  ^ 


The  Process.  ^ 

DiiBolving  and  precijntating. — 2  grammes  of  the 
drillingB  are  dissolved  in  45  cc,  of  nitric  acid  of  s.g.  1'20, 
and  the  solution  treated  exactly  as  in  the  preceding 
method  up  to  the  precipitation  of  the  phosphorus  as 
ammonium  phoaphomolybdate.  {If  the  flask  be  closed 
and  the  contents  shakon  for  five  minutes,  the  total  time 
coneumed  in  the  determination  may  be  reduced  from 
thirty  to  twenty  minutes.) 

Filiering,  eta. — The  precipitate  is  collected  on  a 
small  filter,  and  after  washing  several  times  with  cold 
2^  nitric  acid,  is  washed  several  times  further  with  a 
solution  of  potassium  nitrate  of  the  sumo  strength  until 
the  washings  are  free  from  acid.  The  thorough  removal 
of  iree  acid  by  the  nitrate  washing  is  very  important; 
pure  water  alone  would  dissolve  traces  of  the  pre- 
cipitate. 

Dissolving  and  titrating. — The  filter  is  placed  bodily 
in  a  clean  flask  and  from  10  to  20  cc.  of  the  standard 
Bodinm  hydrate  solution  run  in  from  a  burette.  The 
reading  is  noted.  After  shaking  round  to  dissolve  the 
yellow  precipitate  completely,  the  liquid  is  diluted  to 
about  50  cc,  and  two  drops  of  the  phenol-phthaloin 
indicator  are  added.  The  intensely  red  solution  is  then 
brought  under  a  burette  charged  to  the  zero  mark  with 
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the  staod&rd  nitric  acid  eolndon,  aad  the  btter  is  de- 
livered in  drops  vatSi  Uie  red  coloor  ie  just  djachrged. 

Stamdorditing. — A  meassred  Tolnme,  20  to  30  oe.,  of 

tlie  Btandmrd  soda  aolotion  are  now  run  into  t^  same 

flask  and  the  sdntioii  again  titrated  with  tbe  mtanc  acid, 

the  amoant  of  wfaich  sbonld  be  ^Iwum*.  ecjnal  to  tike  soda 

added.    The  data  thus  obtained  are  snfficieot  for  odea- 

lating  the  result,  provided  the  exact  strengtli  of  the 

alkali  has  been  determined  in  terms  of  a  known  weight 

of  pare  dry  "yellow  precipitate."    The  authors  prefer, 

^^  however,  to  obtain  this  information  indirectly  by  carrying 

^^L  ont  an  asaay  on  a  steel  whose  phosphoras  contents  are 

^^1  exactly  known. 


Example  of  Calctthtion. 


In  an  actual  determination,  I6'7  cc.  of  NaHO  were 
nsed,  and  then  I0'5  cc.  of  H-VO.,  for  the  neutralization. 
The  standardizing  of  tho  solutions  in  the  same  flask 
gave  25  cc.  HNO,=  22  o  cc.  NoEO,  and  the  figures  for 
a  standard  aleel  containing  0058/:  of  phoaphorns  were 
1 16-4  cc.  NaHO  and  12"  1  cc.  UNO.,. 

From  the  standardization   of  tho  acid  and  nlkali   we 


I 


25  cc.  HxVO, : 
1  cc.      ,, 


22-5  cc.  NaBO 


From  the  standard  steel  figures  we  get  for  "058%  of 
Lphosphoras,  a  consumption  of  sodium  hydrate  amount- 
IliBg  to 

16-4  loss  12-1  X  0-90  =  5-5  cc. 
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The  actual  determination  gives  for  the  sodium  hydrate 
used  up 

16-7  less  10  -5  x  0*90  =  7-25  cc. 

The  percentage  of  phosphorus  is  therefore 

•058  X  7-25      ^^ 
5-5        =-«^« 


Easamples  of  Oomparative  results. 

Analysis  of  Basic  Bessemer  rail  steel. 

A.     By  Magnesia.     Weight  taken  5  grammes. 
Crucible  +  precipitate  =  28*0621 
Weight  of  crucible  =  28*0465 

•0156     gramme  Mg^P^O^ 
27*93 

16758 
13965 
2793 


5) -435708 

0*087®/o     Phosphorus. 

B.     By  Rapid  Molybdate.      Weight  taken  2  grammes. 

Dish  +  precipitate  =  326394 
Weight  of  dish  =  32-5357 

•1037     gramme  yellow  precipitate. 
1*65 


5185 
6222 
1037 


2)172105 


0-086**/o     Phosphorus. 


By  Slow  Molybdute.    Weijilit  taken  5  jrrammes. 
Disli  +  precipitate  =  Sli'8U5i3 
Weiglil  of  dish  =  32-5375 


-2681  X  165 


■'.  I'. 


D,      By  tLe  Combined  Metlioil.    Weijibl  Inker 
Cnicibit:  +  precipitate  =  2»'06I9 
Weight  of  crucible  =  28'04G2 
■0157 


■0167x27-93 


)3%  P. 


E,    By  the  Lend  Molybdate  inetbwt.    Weight  taken  2  ^riiin 

Weight  «l'i'6il/bO^  =  0-2601  grumuie. 

■2601  X -007x150  =  0-091''/„  P. 

CreuU'Bt  .liflerence  In  the  five  d  etc  rati  nations  =  0-007°/u. 


Determination  of  Phnsphonis  in  Special  Steels. 

In  the  cases  of  tungsten,  high  silicon,  graphite,  or 
^gh  chrome  ateela,  a  modification  must  bo  introduced, 
jhe  natnre  of  which  is  determined  hy  the  method  to  Ito 
idopted  for  the  determination  of  the  phosphorus. 

The  procedure  described  under  the  estimation  of  phos- 
phorus in  hi^b-speed  steels  on  p.  219  up  to  the  formation 
of  the  yellow  precipitate  can  bo  applied  here  if  the  lead 
h  molybdate  or  the  volumetric  method  are  to  be  subse- 
Kjuently  employed. 

For  all  the  other  methods  proceed  &b  follows :  Dia- 

laolre  ti  gi-ammes  in  nitric  acid   {1'20),  evaporate  and 

■  bake,  take  up  in  hydrochloric  acid,  evaporate  and  bake 

ftBgtun.     Dissolve  up  in  40  cc.  of  strong  hydrochloric  acid 

knd  transfer  without  loss  to  a  00  cc.  flask.     Cool,  dilute 
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to  the  mark,  and  pass  through  a  dry  filter,  collecting 
50  cc.  in  a  graduated  flaalc.  Transfer  to  a  30-oz.  regis- 
tered flask,  dilute,  reduce,  etc.,  in  the  manner  already 
described  for  the  preliminary  operationa. 

Presence  of  arsenic. — In  steels  containing  much  arsenic, 
the  yellow  precipitate  may  contain  traces  of  this  element 
as  amraonium-arsenio-molybdate,  thus  making  the  phoa- 
phorus  determination  too  high.  The  arsenic  is  elimin- 
ated by  the  following  treatment:  Dissolve  as  before, 
evaporate,  take  up  with  hydrochloric  acid,  evaporate, 
bake  and  take  up  again  with  the  same  acid.  [A  portion 
of  the  arsenic  by  this  treatment  will  have  been  expelled 
as  the  volatile  trichloride.)  Filter  if  necessary,  and  place 
the  solution  in  a  30-oz.  registered  flask,  diluting  to  about 
200  cc.  Now  add  about  6  grammes  of  pure  zinc  filings 
and  allow  to  stand  until  the  iron  is  completely  reduced, 
as  indicated  by  a  spot  test  with  potassium  thiocyanate. 
Cool,  add  about  half  a  gramme  of  pure  precipitated  zinc 
sulphide  and  cork  up  for  a  short  time.  Filter  off  the 
precipitated  arsenic  sulphide  and  any  undissolved  zinc. 
The  filtrate  is  boiled  to  expel  sulphuretted  hydrogen,  a 
few  cc.  of  standard  ferric  iron  .'iolution  or  several  small 
crystals  of  potash  alum  added,  and  the  phosphorus  pre- 
cipitated by  adding  an  excess  of  ammonium  acetate,  Tho 
precipitated  phosphate  of  iron  (with  basic  acetate)  or  of 
aluminium  is  then  filtered  ofi',  washed,  and  dissolved  in 
the  acid  demanded  by  the  subsequent  method  selected.     _ 


Time-Tabie  Summary. 

Ah  previously  stated,  the  determination  of  the  carbon, 
silicon,  manganese,  sulphur,  and  phosphorus  constitutes 


an  ordinary  complete  analysis  of  a  steel.  Before  dealing 
with  special  steels,  therefore,  a  consideration  of  the  time 
occnpied  on  tho  complete  analysis  of  an  ordinary  steel 
may  suitably  bo  undertaken  here.  In  connection  with 
each  determination  described,  the  approximate  time  re- 
qatred  for  the  execution  of  tho  various  operations  has 
been  indicated,  and  from  thcae  tho  two  following  tables 
are  compiled.  It  will  be  noticed  that  with  the  exception 
of  the  carbon  determination,  which  is  the  same  in  both, 
the  second  table  contains  the  most  rapid  methods ;  but 
it  is  obvious  that  a  number  of  suitable  combinations 
could  be  mado  by  the  student  to  meet  his  own  requirc- 
s. 

TIME-TABLE  I. 


Msthod. 

Ilonn. 

HInutM. 

Carbon  by  direct  combustion   .     . 
Silicon  by  HCl  method  .... 
Manganese  by  bismuthate  -     .     . 
Sulphur  hy  Arnold's  method    .     . 
Phosphorus  an  PbMoO,  .... 

0 
3 
0 
1 

0 

45 
0 
20 
15 
40 

Total  time  =  6  honrs. 


TIME-TABLE  XL 


MsUiod. 

Hnun. 

mmlm. 

Carbon  by  direct  combustion   .     . 
Silicon  by  nitrosulphuric  acid .     . 
Manganese  by  persulphate  .     .     . 
Stdphur  by  evolution  (Method  II) 
Phosphorus  by  Handy's  method  . 

0 

1 

0 
0 
0 

45 
30 
15 

30 

Total  tiine  =  3i  hours. 


\u 
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A  comparison  of  the  two  tables  abowB  that  the  large 
tlilference  in  the  total  times  ia  accounted  for  chiefly  by 
tho  (lilTcreuoe  between  the  times  of  the  ^iilicon  methods. 
Doth  these  are  essentially  procesaea  which,  after  having 
been  started,  require  no  attention  during  the  aubaequent 
evaporation,  so  that  not  only  does  the  difference  in  total 
time  amount  to  very  httle,  but  it  bocomea  by  no  means 
A  difficult  matter  to  turn  out  an  ordinary  complete  in 
the  course  of  a  morning  of  three  to  three  and  a  half 
hours.  Taking  for  example  the  first  table,  which  con- 
tains on  the  whole  the  most  reliable  processes,  an  ar- 
raugoment  of  the  work  on  the  lines  indicated  below 
brings  the  total  time  within  the  limits  specified. 

(1)  Light  the  burnera  under  the  furnace  and  weigh 
drillings  and  J/%0,  for  direct  combustion,  (2}  Weigh 
off  for  phosphorus,  niangftnese,  and  silicon  dotermina- 
tiona.  (3)  Dissolve  for  silicon  detenitiiiation  and  set 
tlui  solution  to  evaporate.  (4)  Diasolve  for  phosphorus 
and  manganese  determinations  and  bring  the  former  up 
Vo  tho  addition  of  the  niolybdate  re-agent  and  the  latter 
up  to  tho  addition  of  the  biamutbate  to  the  cold  sulu- 
liou.  Sot  the  pbosphorua  determination  in  a  warm  place 
not  «jcceeding  80"  C.  (i>)  Weigh  off  for  sulphur  de- 
termination, and  set  going.  (G)  Introduce  boat  in  the 
by  now  fully  heated  tube  for  carbon  determination,  and 
Bct  going.  (7)  Finish  determination  of  liiangancse. 
(8)  Transform  yellow  precipitate  in  phosphorus  deter- 
iiiiunlion  to  lead  uiolybdate  and  allow  to  stand.  The 
order  of  tho  remaining  operations  will  depend  entirely 
on  circumstances.  The  silicon  detemiination  may  re- 
quire attention,  having  reached  the  "  spitting  "  stage, 
and  tho  sulphur  and  carbon  determination  may  require 
Bomo  superintendence.    The  filtration  of  the  lead  molyb- 
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date,  disconnection  of  the  parts  of  the  sulphur  apparatas, 
of  the  parts  of  the  combaatioa  apparatus,  the  extraction 
of  the  baked  silicon  residue,  etc.,  together  with  the  ne- 
ceasBTf  ignitions  and  weighing,  are  all  matters  which 
circumstances  will  decide. 

Assaming  that  the  chemist  has  the  help  of  a  laboratory 
assistant,  it  is  evident  that  an  orderly  arrangement  of 
work  will  enable  him  to  turn  out  two  complete  analyses 
per  working  day. 


I 

,        wit! 
^Pgrai 


DETKEMiNATiotr  OF  Ahsenic  (Stead,  modified), 

(Time  occupied,  I  day.) 

Rc-aymts  required. 

Standard  arsmUe  solution. — Weigh  off  accurate 
0*66  gramme  of  pure  arsenious  oxide,  transfer  to  a  litre 
fiask,  add  about  4  grammes  of  sodium  bicarbonuto  and 
100  cc.  of  water,  heat  with  occasional  shaking  until  the 
oxide  dissolves  completely,  cool  and  dilute  to  the  mark 
with  water.  Each  cc,  of  this  solution  contains  O'OOOO 
e  arsenic. 

Standard  iodine  solution. — Weigh  off  exactly  1'70 
gramme  of  pure  resublimed  iodine,  transfer  to  a  litre 
flask  and  dissolve  in  water  containing  several  grammes 
of  potassium  iodide.  After  making  up  to  the  mark 
transfer  to  a  dark  blue  bottle,  and  when  not  iu  uao  keep 
in  the  dark. 

These  solutions  should  bo  titrated  against  each  other. 
25  oc.  of  the  standard  arsenic  solution  are  run  into  a 
small  flask  from  a  burette,  two  or  three  cc,  of  a  saturated 
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solution  of  sodium  bicarbonate  in  water  added,  then  two 
drops  of  freshly  prepared  starch  solution,  and  the  iodine 
solution  run  in  from  another  burette  until  a  blue  colour 
ia  developed.  The  solutions  should  be  equivalent  to  one 
another. 


77ie  Process. 

Dissolving,  etc. — In  the  case  of  all  ordinary  ateela 
10  grammes  of  drillings  are  weighed  out  and  transfciTed 
to  a  small  conical  flask.  The  latter  is  provided  with  a 
plug  pierced  with  one  hole  and  carrying  a  short  glass 
delivery  tube  bent  once  at  right  angles.  The  end  of  the 
latter  is  joined  up  by  india-rubber  connecting  tubing  to 
an  Arnold's  potash  bulb,  and  the  connecting  tubing  ia 
provided  with  a  good  screw  clip.  Tho  potash  bulb  is 
supported  at  such  a  height  that  whtm  coupled  up  with 
the  conical  flask  the  latter  rosta  near  tho  edge  of  and  on 
the  hot  plate.  Finally  the  potash  bulb  ia  charged  with 
about  2  cc,  of  bromine  and  then  filled  with  bromine 
water  so  as  to  cover  the  upper  inner  bulb. 

Everything  being  ready,  the  drillings  are  covered 
with  a  mixture  of  80  cc.  strong  hydrochloric  acid  with 
an  equal  bulk  of  water,  tho  bung  ia  quickly  inserted  and 
the  flask  set  near  the  edge  of  the  plate.  Tho  escaping 
hydrogen  bubbles  vigorously  through  the  bromine  bulb, 
causing  considerable  loss  of  bromine  vapour,  the  irrit- 
ating effect  of  which  is  counteracted  by  exposing  a  small 
beaker  containing  a  few  drops  of  strong  ammonia  near 
the  outlet  of  the  absorption  bulb.  As  the  action  pro- 
ceeds the  heat  under  the  evolution  flask  may  be  increased, 
and  the  liquid  finally  brought  to  boiling  to  effect  solution 
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of  the  last  particles  aod  to  vapouriso  more  or  less  com- 
pletely the  bromine  etil!  renmining  in  the  absorption 
bulb.  Before  removing  the  burner,  close  the  screw  clip 
tightly  and  then  remove  the  bung ;  by  so  <loing  the 
bromine  water  is  not  sucked  back  into  the  evolntion 
Sask. 

Preeipiiatiiuj  the  arsenic. — The  flask  is  placed  under 
the  water  tap  ao  aa  to  be  thoroughly  cooled.  In  the 
meantime  the  bromine  water  in  the  absorption  bulb  is 
emptied  and  well  washed  into  a  boaker,  and  the  liquid 
boiled  to  complete  expulsion  of  the  last  traces  of  bromine. 
The  now  colourless  solution,  after  cooling,  is  rinsed  into 
le  evolution  flask,  and  about  one  gramme  of  pure  pre- 
'Bipitated  zinc  sulphide  added  together  with  lO  cc.  of 
strong  hydrochloric  acid.  The  flask  is  at  onco  closed 
vith  a  tightly  fitting  plug  so  as  to  retain  the  generated 
Bolphuretted  hydrogen  under  pressure,  and  the  contents 
of  the  flaak  are  shaken  from  time  to  time  during  a  period 
often  minutea. 

MUration, — The    mixture  of   arsenic   sulphide,   car- 
bonaceona  residue,  etc.,  is  filtered  off  through  a  small 
ilrat  compact  pulp  filter,  well  washed  with  10%  hydro- 
acid  and  finally   onco   with   water.    The  whole 
Iter  and  ita  contents  are  transferred  to  a  clean  iO-oz. 
■.er  and  distilled  water  added  up  to  about  750  cc. 
liquid  IS  then  vigorously  boiled  during  a  period  of 
least  three  hours  until  the  bulk  is  reduced  to  about 


Titraiion  of  the  araeitic. — The  liquid  with  the  pnlp 

1  unchanged  carbonaceous  matter  is  filtered  through 

mother   pulp   filter   and   thoroughly  washed   with   hot 

The  filtrate  is  cooled,  10  cc.  of  a  saturated  aolu- 

1  of  sodium  bicarbonate  added  along  with  two  drops 
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of  starch  liquor,  and  then  titrated  with  the  standard 
iodine  Bolation.  Each  cc.  of  the  iodine  eolntion,  if 
exactly  equivalent  in  strength  to  the  standard  arsenic 
solation,  represents  0'005%  of  arsenic  when  working 
on  10  grammes  of  steel. 


Tlieory  of  tlie  Process. 

The  small  amount  of  arsenic  nsnally  present  in  steel 
and  pig-iron  is  partly  evolved  as  arsoniiretted  hydrogen 
and  partly  passes  into  solution  when  the  material  in 
decomposed  with  dilate  hydrochloric  acid.  The  evolved 
portion  is  oxidized  to  arsenic  acid  by  the  bromine  and 
is  retained  in  the  absorption  bulb. 

AsH^  +  4  Br,  +  4  H.O  =  H^AsO^  +  8  HBr 

After  expelling  the  excess  of  bromine  the  solution  is 
returned  to  the  evolution  flask  and  the  arsenic  pre- 
cipitated as  sulphide  by  the  sulphuretted  hydrogen 
generated  from  the  zinc  sulphide  and  free  acid.  _ 

ZnS  +  2  301  =  ZmCk  +  B^S  I 

2  H^AfO^  +  i  H.,S  =  J«,S3  +  4  HM  +  8 

That  portion  of  the  arsenic  remaining  in  the  evolution 

flask  exists  either  as  the  trichloride  or  as  arsenious  acid, 

aud  the  zinc  sulphide  precipitates  it  from  both   thoaa-^ 

compounds. 

2  AtOl,  +  3  if^S  =  Ae,Si  +  6  IWI 
2  H^AbO^  +  3  H^S  =  As.jS^  +  6  H^O 
The  arsenic  sulphide,  filtered  off  with  carbonaceous  J 
matter,  etc.,  is  boiled   for  a  long  time  with   water  inj 


onler  to  effect  its  complete  hydrolysis  according  to  the 
eq  nation 

J«,Sa  +  6  ff,0  =  2  H^AiiO^  +  d  H.^ 
The  sulphuretted  hydrogen  ia  expelled  by  tho  boiling 
and  the  arsenioug  acid  carried  into  aolation.  After 
making  alkaline  with  sodium  bicarbonate  the  arsenic  is 
titrated  with  free  iodinej  the  least  excess  of  which 
strikes  with  the  starch  indicator  a  blue  colour. 

L  If-iAaO^  +  Is  +  HaO  =  H^AiiOt  +  2  HI 

I  Normal  sodiam  carbonate  as  well  as  the  hydrate 
intorfore  with  the  development  of  the  blue  colour  mark- 
ing the  end  of  tho  reaction,  henco  the  necessity  for 
Dsing  sodium  bicarbonate,  which  muat  be  present  in 
quantity  sufficient  to  noutraiize  tho  liberated  hydriodic 
Cocid. 


Special  Steblb. 

'  Arsenic  is  never  purposely  introduced  into  steels 
izcept  for  purely  research  purposes.  For  steels  that 
intain  comparatively  largo  amounts  of  arsenic  the  pre- 
ceding process  requires  some  modification. 

After  dissolving  the  sample,  it  will  be  noticed  that  a 
black  Bcum  of  arsenide  of  iron  remaioB  on  the  eurfaoe  of 
the  liquid  in  tho  evolution  flask.  After  cooling,  the 
zinc  sulphide  is  added  as  usual  and  the  mixed  pre- 
cipitato  collected,  after  some  little  time,  on  the  pulp 
filter  and  well  washed  as  described.  Tho  filter  and 
contents  are  then  transferred  to  tho  evolution  flask  and 
the  bromine  water  from  the  absorption  bulb  added  to  the 
ijlliiture.    If  necessary  a  further  small  quantity  of  bro- 
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mine  is  (tdded  so  as  to  give  a  ricli  colour  to  the  solution, 
and  tlie  liquid  is  then  boiled  after  adding  5  to  10  cc.  of 
hydrochloric  acid.  A  few  small  crystals  of  potasaium 
iodide  are  then  added,  tho  mixture  well  shaken,  and  a 
slight  but  pronounced  oxceas  of  sulphurous  a^id  added 
to  remove  the  liberated  iodine.  The  liquid  is  boiled  to 
expel  tho  excess  of  sulphur  dioxide  and  then  well  cooled. 
If,  after  cooling,  any  colour  develops,  remove  by  adding 
one  drop  of  sulphurous  acid  and  then  add  tho  zinc 
sulphide  as  before.  After  allowing  to  stand  under  alight 
pressure  for  some  time,  filter,  wash  thoroughly  with  a 
hot  mixture  of  equal  parts  of  strong  hydrochloric  acid 
and  water,  then  onco  with  water  only.  Transfer  to  the 
large  beaker  and  boit  with  water  as  before. 


Theory  of  the  Process. 

The  precipitated  scum  of  arsenide  of  iron  is  readily 
oxidized  to  arsenic  acid  by  the  bromine  water  added 
from  the  absorption  bulb  and  is  thereby  carried  into 
aolntion.  The  object  of  adding  potassium  iodide  is  to 
effect  a  reduction  to  arsenious  acid  so  as  to  get  a  com- 
plete precipitation  as  sulphide  in  as  little  time  as 
possible : 

n^AsO,  +  2  K!+  H^O  =  H^AaO^  +  2  KHO  +  T, 

The  liberated  iodine  is  converted  to  hydriodic  acid 
by  tho  sulphurous  acid  : 

/j  +  H^Os  +  H.p  =  H^80^  +2  HI 


I 


Determination  of  TtrsoarEN  (and  Silicok). 

This  element  ia  introd  aced  into  water-hardening  steels 

in  the  proportion  of  ubout  2^%j  whilst  8 elf- hardening 
steels  contain  about  10%.  Of  the  6rst-named  class  of 
Bteel,  2  grammes  should  be  taken  for  analysis,  but  for 
the  richer  alloy  1  gramme  is  sufficient.  The  etitimation 
ia  a  tedious  process,  Hometimes  occupying  n  day  and  a 
half:  water  steels  can  always  be  drilled,  but  the  self- 
hardoning  material  has  sometimes  to  be  sampled  for 
analysis  in  the  form  of  crushed,  or  semi-crushed,  frag- 
ments obtained  from  a  small-sized  bar. 


MeOiod  L 

Dissolving. — Weigh  out  the  ateel  into  a  20-oz.  covered 
beaker,  dissolve  by  heating  with  50  cc,  of  nitric  acid,  sp. 
gr.  I  "2 ;  boil  down  to  low  bulk,  remove  the  cover,  and 
place  the  beaker  on  a  pipe-stem  triangle. 

First  evaporation  to  dryness, — Nest  carefully  evapor- 
ate to  dryness,  remove  from  the  triangle,  and  bake  well 
in  the  middle  of  the  plate.  Now  allow  the  beaker  to  cool 
with  the  usual  precaution,  and  dissolve  up  the  dry  mass 
of  oxide  of  iron  by  boiling  with  30  cc.  of  strong  HCl, 
and  again  carefully  evaporate  to  complete  dryness. 

Third  tuaporation. — Take  up  as  before  in  30  co.  of 
HCl,  and  gently  vaporise  the  bulk  of  the  acid,  going 
down  to  about  5  cc. 

Filtering. — Dilute  with  50  cc.  of  water,  and  filter  off 

the  precipitate  through  a  close-grained  filter,  contained 

in  a  2 1 -in.  funnel,  the  latter  being  supported  in  a  100  cc. 

r  measuring -glass.    Get  through  and  throw  away  as  mt 
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as  possible  of  the  clear  iron  solution  before  disturbing 
the  precipitate  with  wash  water,  because  some  of  the 
finely-divided  WO^  will  probably  pass  through  the  porea 
of  the  paper,  and  the  filtrate  must  be  re-passed  through 
the  filter  till  the  interstices  of  the  latter  are  filled  up  and 
the  liquid  comes  through  quite  clear.  This  is  readily 
ascertained  by  holding  up  the  meaauring-glasa  to  the 
light,  and  carefully  examining  the  fluid  contents  for  sus- 
pended matter.  The  paper  and  precipitate  must  now  be 
washed  quite  free  from  fernc  chloride  '  «ath  cold,  very 
dilute  (5%)  hydrochloric  acid  and  cold  water.  After 
drying  in  the  usual  manner,  thefilteris  ignited  inaclean, 
tared  platinum  crucible,  and  the  latter,  when  cold,  is  re- 
weighed.    The  increase  is  («  WO^  +  y  SiOj). 

Treatment  with  HF. — To  the  ignited  mass  in  the  cru- 
cible add  2  cc.  of  pure'*  aqueous  hydrofluoric  acid.  The 
latter  is  quietly  evaporated  off  in  the  draught  cupboard, 
and  the  crucible  is  re-ignited,  cooled,  and  re-weighed. 
The  loss  from  the  second  weighing  =  tfiOj,  containing 
4G'7%  Si;  the  increase  over  the  first  weighing  of  the 
crucible  =  WO^,  containing  79'3^  of  tungsten. 


Theoretical  Considerations. 

On  dissolving  the  steel  in  nitric  acid  when  only  about 
3%  tungsten  is  preseat,  it  phases  into  solution  aa  tungstic 

*  In  rich  alloys  the  final  residue  maj  be  examitied  fur  Fe^O,  by 
fusing  it  wit)i  HKSO,.  If  present,  the  weight  must  be  e.stiniatcd 
colorinietrii'allj  and  deducted.  The  aqiieQus  extract  from  liie  fusion 
IB  mftde  ap  to  a  known  volume,  and  the  iron  in  a  portion  uf  the 
filtered  liquid  i>>  determined  an  deneribcd  on  p.  7S. 

*  Tbe  iiiueous  neid  ahuitid  Ieii»e  no  rcBidue  on  evaporalioii. 


I 
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acid,  probably  foroiing  a  compound  somewhat  analogoua 
to  that  produced  under  the  same  conditions  by  eilicic 
acid  (see  p.  59).  If,  however,  10^  tungsten  is  preaeot, 
some  of  the  WO^  separates  as  an  insoluble  yellow  pre- 
cipitate. The  conversion  by  baking  of  the  ferric  nitrate 
into  oxide  also  determines  the  decomposition  of  the  or- 
ganic carbon  compound,  which,  had  the  preliminary 
solution,  as  often  advocated,  been  made  in  aqua  regia, 
would  have  separated  in  aslimycondition,  and  thus  have 
rendered  still  slower  an  already  tedious  filtration.  The 
second  evaporation  to  dryness  and  the  third  to  low  bulk 
with  HOI  ensure  the  complete  separation  of  the  tungstic 
acid,  some  of  which,  with  only  one  or  two  evaporations, 
is  liable  to  remain  dissolved  in  the  hydrochloric  acid  solu- 
tion. The  treatment  with  hydrofluoric  acid  of  the  mixed 
residue  of  tungstic  anhydride  and  silica  brings  about  a 
volatilization  of  the  latter,  thus — 

SiO^i  +  iHF=  SiF^  +  2  H^O 

Silica  and  hydrogen  fluoride  yield  gaseous  fluoride  of 
silicon  and  water.  The  alleged  liability  of  some  of  the 
WO3  to  volatilize  with  the  silicon  unless  sulphuric  acid 
is  present  has  no  foundation  in  fact. 

The  method  found  in  most  text-books  for  separating 
tungstic  and  silicic  anhydrides  is  based  upon  the  solu- 
bility of  TKOa  and  the  insolubility  of  SiO.^  iu  hot  ammonia 
solution.    This  process  is  absolutely  worthless — 

(o)  Because  strongly  baked  WO3  is  not  always  com- 
pletely soluble  in  ammonia. 

(6)  Because  SiO^  obtained  from  H^Si'O,  by  evapora- 
tion of  a  hydrochloric  acid  solution  is  almost  completely 
soluble  in  hot  ammonia  solution,  as  L.  Dufty  has  con- 
clusively shown. 
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Method  II.    (Brearley.) 
(Time  occnpied  1^  hoars.) 

Digiolmng,  etc. — To  2  grammes  of  the  drillings  in  a 
20-oz.  beaker  add  a  large  excess  (50  cc.)  of  strong  hydro- 
chloric acid,  heat  the  mixtnre  up  to  boiling,  and  then 
remove  the  beakor  to  the  corner  of  the  plate  so  as  to 
keep  the  liquid  hot  without  much  expulsion  of  the  acid. 
Now  add  from  time  to  time  a  few  drops  only  of  strong 
nitric  acid,  allowing  several  minutes  between  each  addi- 
tion. In  this  way  the  steel  is  decomposed  without  any 
separation  of  tungstic  oxide.  When  complete  decompoai' 
tion  has  been  brought  about,  sufficient  nitric  acid  should 
have  been  added  to  oxidize  the  iron,  and  the  liquid  will 
be  clear  except  for  a  floating  scum  of  carbonaceoi 
matter. 

Evaporation. — The  beaker  is  then  pushed  to  the  hoi 
test  part  of  the  pl»te  and  the  solution  evaporated  to  \> 
bulk  but  not  to  dryness.  During  the  evaporation  tun] 
Stic  oxide  separates  out  and  increases  in  amount  as  thi 
bulk  of  the  liquid  is  reduced.  To  the  evaporated  at 
tion,  now  measuring  say  10  oc,,  hot  watoj-  ia  added 
to  about  50  or  60  cc,  and  after  boiling  for  two  minutes 
the  beaker  is  set  aside  to  allow  the  tangstio  oxide  to 
settle. 

Filtration,  etc. — Filter  through  palp  and  wash  with 
5^  hot  Iiydrochtorio  acid.    Ignite  in  a  weighed  platinni 
crucible  or  shallow  dish.    The  residue  consists  of  tun( 
edo  oxide,  nearly  all  of  the  silica  from  the  silicon  of  thi 
f.^teel,   and  traces   of  ferric  oxide.    It  will  also  conl 

Mmio  oxide  if  the  steel  is  a  ohromiferoiu  odo.    Thi 
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imparities  are  removed  and  allowed  for  by  tbe  treatment 
described  fully  under  tbe  analysis  of  bigh  speed  steels 
for  tungsten  on  p.  247. 

It  generally  bappens  that  a  film  of  tungetic  oxide 
sticks  obstinately  to  tbe  gidee  of  tbe  beaker,  and  cannot 
be  removed  by  tbo  policeman.  A  small  pioce  of  aahless 
filter  paper  moistened  witb  a  drop  or  two  of  ammonia 
will  usually  remove  it,  or  the  film  may  be  disaolved  off 
witb  several  drops  of  aninionia  and  tbe  solution  evapor- 
ated to  dryness  in  the  weighed  ignition  dish  before  add- 
ing the  filter  witb  the  precipitate. 

Tbe  results  obtainod  by  the  above  method  are  not 
more  than  0-02%  below  the  truth. 


Theory  of  the  Process. 

Tbe  chief  point  in  connection  with  the  foregoing 
method  is  that  of  eS'ectiog  complete  decomposition  of 
tungsten  steels  (or  even  rich  alloys)  before  any  separa- 
tion of  tungstic  oxide  occurs.  To  this  end  a  large  excesa 
of  hydrochloric  acid  is  used  in  tbe  first  instance,  and  the 
strength  of  the  hot  acid  is  maintained  throughout  the 
subsequent  treatment,  thus  holding  the  tungstic  oxide 
in  solution. 

The  time  of  the  operation  may  be  lessened  by  adding 
hot  water  immediately  after  WO^  begins  to  precipitate, 
instead  of  continuing  the  evaporation  to  low  bulk.  If 
sufficient  water  is  addfd  to  yield  a  mixture  containing 
not  more  than  one  part  of  strong  acid  to  four  parts  of 
water,  the  amount  of  tungstic  oxide  left  in  solution 
corresponds  to  not  more  than  O'UG)/  working  on  2 
grammes  of  steel. 


r 
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GhAVIMETRIC    DtTERMISATlON  OF  ChEOMIUM  AB  OsiDl* 

(J.  O.  Arnold.*) 
Re-agent  required. 
Fusion   mixture, — latimately  inir  100  grammea  each 
of  pare  dry  powdered  potassium  nitrate,  potaaaium  car- 
bonate, and  sodium  carbonate  ;  proserve  the  mixture 
a  well- stoppered  bottle. 


The  Process. 
occupied,  about  I  day.) 

t    into    a   covered    20-02. 


(Tim 

Weight    taken. 

beaker  2'4,  1'2,  or  '6  grammes  of  the  steel  according  to 
ita  richueaa  in  chromium.  The  weight  last  mentioned 
is  suitable  for  a  steel  containing  say  Q'X  of  the  metal. 

D-Uftolving.- — -Add  in  the  case  of  2'-l  grammes  of  steel 
30  cc.  of  strong  hydrochloric  acid;  gently  heat  on  the 
plate  till  the  drillings  have  dissolved,  and  then  boil  the 
liquid  down  to  low  bulk.  The  evaporation  is  then  slowly 
continued  with  the  cover  off  so  as  to  obtain  the  chlorides 
in  a  compact,  dry  cake  at  the  bottom  of  the  beaker.  The 
residue  must  not  be  bakt-d,  but  is  merely  taken  quietly 
to  dryness  in  such  a  manner  that  the  cover  and  sides  of 
the  beaker  are  free  from  splashing. 

Pulverizing  the  ehloridea. — Allow  the  maaa  to  go  cold, 
and  then,  with  the  aid  of  a  steel  spatula  the  brittle  cake 
may  be  cut  up  into  several  easily  detached  pieces,  which 
are  carefully  transferred  to  a  3-in.  porcelain  dish.  Any 
strongly  adhering  particles  of  chloride  which  cannot  be 
brushed  out  are  dissolved  in  a  very  few  oc 
'  "Chemlciil  Newa,"  IHSO,  No.  109H. 
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hydrochloric  acid,  the  covered  beaker  being  heated  on 
the  plate  till  all  soluble  matter  is  taken  up.  The  aolation, 
together  with  any  insoluble  residue,  is  transferred  with 
the  aid  of  a  fine  jet  of  water  into  a  deep  3-in.  platinum 
dish,  into  which  any  chlorides  adhering  to  the  apatnla 
are  also  washed.  The  dish  is  then  placed  over  a  little 
beaker  of  boiling  water,  and  its  contents,  which  should 
never  exceed  15  cc,  are  evaporated  to  dryness.  Whilst 
the  evaporation  is  proceeding  the  main  portion  of  the 
ohloridea  in  the  porcelain  dish  (which  should  be  placed 
on  a  aheet  of  glazed  white  paper)  is  reduced  to  a  fine 
powder  by  means  of  a  little  round-headed  pestle  made 
out  of  |-in.  diameter  glass  rod,  after  which  the  pestle  is 
cleaned  from  adhering  chlorides  by  means  of  a  pen  blade 
and  camel's  hair  brush.  When  the  contents  of  tho 
platinum  dish  are  dry  it  is  takes  off  the  beaker,  and  ia 
well  wiped  outside. 

Fueioit. — Carefully  transfer  tho  powdered  chlorides 
from  the  porcelain  to  tho  platinum  dish,  well  rinsing  the 
latter  by  means  of  the  pestle  with  several  fractions  of 
30  grammes  of  fusion  mixture,  after  which  tho  remainder 
of  the  latter  is  added  to  the  chlorides,  and  the  whole  is 
intimately  mixed  with  the  pestle  into  a  uniformly  tinted 
powder.  After  brushing  the  pestle  gently  tap  down  the 
mixture,  cover  the  dish,  and  place  it  on  a  pipe-stem 
triangle  supported  on  a  tripod,  and,  cautiously  at  first, 
heat  tho  mass  over  a  good  Bunaen  burner  for  about 
fifteen  minutes  till  the  excess  of  alkalies  is  quite  liquid; 
then  remove  the  lamp. 

Extracting  the  fusion.  —  When  moderately  cool  place 
the  dish  and  cover  in  a  20-oz,  beaker  containing  2(J0  cc. 
of  nearly  boiling  water;  in  two  or  three  minutes,  by 
means  of  a  glass  rod,  tilt  the  cover  so  that  a  portion  can 
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be  washed,  take  hold  of  the  cover  by  the  washed  edge, 
lift  it  out  of  the  solution,  well  rinse  it  all  ovor,  and  re- 
move. By  moans  of  the  glass  rod  occasionally  rotate  the 
dish  till  the  alkaline  salts  have  all  dissolved,  and  the 
oxide  of  irou  is  completely  detached  in  the  form  of  a  red 
powder.  The  crucible  ia  then  washed  and  removed  by 
means  similar  to  those  employed  in  the  case  of  the  cover. 
Thoroughly  stir  the  liquid  with  a  glass  rod,  and  wash  and 
remove  the  latter. 

Filtering  off  the  iron  and  manganese, — Transfer  the 
hot  liquid  and  procipibato  in  the  beaker  without  loss  to 
a  301  cc.  graduated  flask  marked  low  down  in  the  neck, 
and  diluto  to  about  301*5  cc.  By  means  of  a  long 
chemical  thermometer  thoroughly  stir  the  yellow  liquid 
till  uniform  in  colour;  withdraw  the  thermomotor  just 
clear  of  the  meniscus,  till  the  latter  by  the  contraction  of 
the  liquid  reaches  the  mark.  Note  the  temperature  of 
the  solution,  allow  the  oxide  of  iron  to  settle  for  a  few 
minutes,  and  then  through  a  dry  double  paper  contained 
in  ft  2|-in.  ribbed  funnel  filter  ofiT  into  a  250  cc.  dry 
graduated  flask  about  2-l9'5  cc.  of  the  perfectly  clear 
yellow  liquid ;  remove  the  funnel,  and  heat  the  flask  on 
the  plato  till  its  contents  approach  the  previously  noted 
temperature.  Then,  by  means  of  the  thermometer,  throw 
out  drops  of  the  fluid  till  250  cc.  at  the  original  tompora- 
ture  are  obtained. 

Reducing. — Pour  and  wash  out  every  trace  of  the 
solution  from  the  flask  into  a  20-oz.  covered  beaker,  and 
add  down  the  lip  25  to  35  cc.  of  strong  hydrochloric  acid 
till  no  more  OOj  ia  evolved,  and  the  colour  of  the  liquid 
has  changed  from  yellow  to  clear  green.  Bring  the  liquid 
to  boiling,  and  keep  it  in  ebullition  till  the  brown  fumes 
in  the  upper  part  of  the  beaker  have  disappeared. 
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Pirtt  precipitation. — Ifext,  very  cantioaslj,  a  little  at 
a  time,  add  to  the  gentlj  boiling  Liquid  down  the  Up  of 
the  beaker  dilute  ammonia  solution  till  the  hydrochloric 
acid  is  neutralized,  a  pcrnianent  pale-green  precipitate 
ia  obtained,  and  a  very  faint  excess  of  ammonia  is  present. 
Then  remove  the  beaker  to  a  cooler  part  of  the  plate,  and 
digest  it  just  short  of  boiling  till  the  precipitate  haa 
collected  into  flocks  and  the  liquid  is  crystal  clear. 

Rlteritig. — Allow  the  precipitate  to  settle,  and  do  not 
disturb  it  more  than  neceasary  till  most  of  the  clear 
filtrate  has  been  poured  through  a  110  mm.  paper.  Then 
throw  the  precipitate  on  the  filter,  rinse  out  the  beaker 
with  hot  water,  wash  the  edges  of  the  filter-paper  once^ 
and  allow  it  to  drain. 

Re-diMolving  the  precipilale. — Hang  the  funnel  inside 
the  beaker  in  which  the  precipitation  took  place,  and  by 
meana  of  hot,  slightly  diluted  hydrochloric  acid,  dissolve 
the  precipitate,  using  the  smallest  possible  quantity  of 
solvent,  and  well  wash  the  paper  with  a  fine  jet  of  cold 
water.  The  filter  is  then  put  under  cover  till  required 
for  re-filtering  the  solution  if  necessary. 

Separating  Si02  and  WO^. — Cover  the  beaker  contain- 
ing the  green  chloride  solution,  briskly  boil  down  to  low 
bulk,  and  then,  without  the  cover,  quietly  evaporate  the 
liquid  till  green  crystals  are  deposited.  (These,  if  further 
heated,  turn  red,  and  are  re-dissolved  with  difficulty.) 
Add  5  cc.  of  strong  hydrochloric  acid,  and  heat  till  the 
crystals  are  re-dissolved,  if  neceasary  adding  a  little  water. 
The  liquid  ia  then  carefully  examined  to  ascertain  if  any 
silica  or  yellow  tongetic  acid  has  precipitated.  If  so,  the 
liquid,  after  diluting  with  20  cc.  of  water,is  passed  thro  ugh 
the  paper  previously  used  into  a  clean  20-oz.  beaker,  and 
the  paper  is  then  exhaustively  washed.    If,  however,  the 
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liqaid  is  clear,  which  is  oftoa  the  case,  it  iB  dilated  to 
200  cc,  and  heated  to  boiling  in  the  covered  beaker. 

Be-preoipitating  the  chromium. — The  chromium  is  next 
precipitated  with  well- diluted  ammonia  (1  of  880  to  3  of 
water)  exactly  aa  described  for  the  first  precipitation. 

Final  JUtraUon  and  washing. — Filter  off  on  a  110  mm. 
pure  paper  contained  in  a  2J-in.  funnel  aa  before,  but  in 
the  present  oaae  every  particle  of  precipitate  ia  carefully 
detached  by  means  of  a  policeman,  and  the  beaker  ia 
thoroughly  rinsed  out  with  hot  water.  The  paper  is 
thrice  washed  round  the  edges  with  nearly  boiling  water 
without  disturbing  the  precipitate,  which,  if  stirred  up 
by  a  too  vigorous  application  of  the  jet,  ia  liable  to  a 
small  extent  to  pass  through  the  pores  of  the  paper. 
After  the  last  washing,  allow  the  filter  to  drain:  the  fil- 
trate should  be  crystal  clear. 

Weighing. — The  paper  is  detached  from  the  funnel  and 
dried  iu  the  usual  manner.  It  is  strongly  ignited  in  a 
tared  platinum  crucible,  and  when  quite  cold  the  latter 
is  removed  from  the  deaaicator  and  re- weighed.  The 
increase  ia  CrjO^,  containing  68-5%  of  metal. 

Example  of  a  trial  Determination, 
To  2'4  (trammes  of  a  steel  free  from  chromium  00678  granune  of 
pure  dry  K^Crfi.,  was  uddeil,  eorreaponding  to  l^/^  of  chromiaio. 
Remit 
Criicil'le  +  lipt,  =  28-(i320 
Weight  of  crucible  =  28  6034 
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Theoretical  Considerations. 


^^p      The  preliminary  solution  and  evaporation  to  dryneaa 

^^   with  hydrochloric  acid  yields  tho  mixed  chlorides  of  the 

metals  iron,  chromium,  and    manganese,  together  with 

silica,  traces  of  phosphate  and  sulphate  of  iron,  and  a 

■  little  carbonaceous  matter.  The  action  of  the  fusion 
mixture  converts  the  iron  to  ^e^Oa  absolutely  insoluble 
in  water,  the  chromium  to  a  mixture  of  the  yellow 
chromatea  of  potassium  and  sodium  A'jCiOjand  Na^CrOt, 
the  manganese  to  green  alkaline  manganatea  K^MnOt 
and  Na^MnO^. 

>The  silica  ia  converted  into  alkaline  silicates  (see  p. 
869),  whilst  any  sulphates  or  phosphates  present  form 
respectively  the  sulphates  and  pyrophosphates  of  potaa- 
sinm  and  sodium,  e.j/.  NiL^SOt  and  Nii^PX)^.  The  potas- 
sium nitrate  is  converted  into  nitrite  KNO.^.  On  extract- 
ing the  fusion  in  hot  water  the  alkaline  manganatea 
decompose,  and  the  manganese  ia  totally  precipitated  as 
hydrated  dioxide.  The  alkaline  ehromates,  silicates, 
sulphates,   and   pyrophosphates   pass  into   solution  to- 

■  getber  with  the  excess  of  carbonates  and  the  potassium 
nitrite.  On  acidifying  tho  yellow  filtrate  with  hydro- 
chloric acid,  the  liquid  for  a  moment  assumes  a  much 
deeper  yellow  colour,  owing  to  the  formation  of  bi- 
chromates, thus — 

2  K^CrO,  +  2  HOI  =  JC,Or./)^  +  2  K01  +  H^O 

The  hydrochloric  acid  then  liberates  nitrons  acid  from 
\  the  potassium  nitrite,  when  the  bichromate  is  reduced  to 
I  ^een  chromic  chloride  with  evolution  of  nitrous  fumes. 
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whilst  the  pyrophosphatea  are  converted  into  orthophos- 
phates.  On  the  addition  of  ammoQia,  green  chromic 
hydratti  is  precipated  thus — 

OrCl^  +  3  A«iEO  =  Cr(HO),  +  3  AmOl 
The  above  hydrate  is  soluble  in  a  large  excess  of 
ammonia,  hence  the  necessity  for  asing  only  a  faint  Bx- 
ces3.  With  the  precipitate  will  be  found  any  traces  of 
phosphoric  acid  P^O^  combined  with  a  portion  of  the 
hydrate,  bnt  in  ateeU  containing  only  about  0'tl5^  P, 
the  residue  of  phosphorus  not  evolved  aa  Pff^  (amount- 
ing to  about  20%  of  the  total  P  present)  causes  only  a 
trifling  +  error,'  which,  in  fact,  seems  to  compensate 
for  the  small  loss  of  chromium  occurring  during  the 
anatysis.  It  is  hardly  necessary  to  state  after  the  above 
remarks,  that  the  fusion  mixture  employed  should  be 
absolutoly  frou  from  phosphates.  In  steels  in  which  the 
phosphorus  is  somewhat  high  and  the  percentage  of 
otiromium  prosont  is  small,  the  hydrate  method  should 
not  be  used,  but  the  process  described  in  the  next 
artiolo  should  be  employed.  The  reason  for  re -precipitate 
ing  the  clircmic  hydrate  is,  Ujat  it  may  be  contaminated 
with  a  little  silica,  and  is  invariably  impure  with  small 
quantities  of  alkaline  salts,  from  which,  on  the  second 
precipitation,  it  is  free.  The  extra  1  cc.  over  the  300  cc, 
of  liquid  containing  the  chromium  in  2'4  grammes  of 
Bteel  is  a  correction  for  the  volume  of  the  ferric  oxide, 
and  for  a  slight  concentration  of  the  solution  by  evapor- 
ation during  titration. 

'  III  n  steel  contniniog  about  0-l"/o  of  P.  the  errur  froni  the  phos- 
phorus oxidizcil  to  phoapborio  iu:\d  iPjO^)  during  the  iliwoliitiun  of 
the  Hteel  in  liCl  will  eqiinl  on  2  grammes  ofHteel  0-03  to  OW/,  C>, 
equivaleut  to  ulioiit  1  milligruiuiiie  a{  1\0,, 
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hifluence  of  Special  Elements  on  the  Analysis. 

Copper  and  nickel  both  remain  with  the  oside  of  iron 
in  the  respective  forms  of  GuO  and  NiO.  When  tungsten 
IB  present,  it  totally  paaaea  into  solution  with  the  jcUow 
chromates  as  alkaline  tungstate,  but  by  reason  of  its 
partial  solubility  in  hydrochloric  acid  and  its  complete 
solubility  in  ammonia,  the  timgstic  acid  is  completely 
got  rid  of  during  the  analysis,  and  the  final  precipitate  is 
free  from  it.  The  case  of  aluminium  requires  special 
treatment,  which  will  bo  described  at  the  end  of  the  next 
Article. 


Gravimetric  Ebumation  op  CHROMirm  as  Phosphatb. 
(Arnold  and  Hardy.') 

(Time  occupied,  about  1}  days.) 

Thia  prooeaa  should  always  be  employed  for  the  gravi- 
metric estimation  of  email  quantitiea  of  chromium  in 
steels  containing  Hay  0"1^  P.  It  is  also  useful  in  cases 
of  dispute  as  an  alternative  method  of  doterniination. 


Re-mient  required. 

10%  solulion  fif  sodium,  phospJiate.  —  Dissolve  25 
tgrammes  of  ordinary  phosphate  of  soda  {^Na.MVO„  12 
l^'y)  in  250  cc.  of  water.  The  filtered  liquid  is  best  kept 
I  for  Qse  in  a  green  glass  bottle  with  an  india-rubber 
I  stopper. 

'  "Chemicai  Ncwa,"  1888,  No.  1482. 


STEEL   WORKS  ANALYSIS 


The  Process. 


d 


The  method  is  carried  out  exactly  in  the  maaner  de- 
scribed for  the  hydrate  process,  except  that  before  the 
Erat  precipitation  10  cc.  of  the  10/^  solution  of  phos- 
phate of  Boda  are  added.  Also  the  precipitate  is  weighed 
as  Cf.iPiOia  containing  ■i2"48%  Or.  The  weighing  should 
be  made  in  a  covered  crucible  {in  the  manner  described 
on  p.  G7  for  the  detoruiination  of  silicon),  because  the 
basic  phosphate  is  somewhat  hygroscopic. 


Theory  of  the  Process. 


1 


When  phosphoric  acid,  PJ3^,  and  salts  of  chromic 
oxide,  Orfii,  are  in  solution  together,  if  the  former  be 
largely  in  excess  the  precipitate  obtained  on  digesting 
the  liquid  with  a  slight  excess  of  ammonia  is  uncertain 
in  composition.  It  may  be  the  normal  salt  Cr^P«Os  = 
(Or^O^,  P.jPi,),  but  ia  sometimes  a  mixture  of  normal  and 
basic  salt,  and  sometimes  a  mixture  of  normal  and  acid 
phosphate,  but  in  the  presence  of  the  theoretical  amount 
or  of  a  moderate  excess  of  F.,0^  chromic  oxide  is  com- 
pletely precipitated  as  a  definite  basic  phosphate 
Or^Pfii^. 

The  data  upon  which  the  foregoing  statements  are 
founded  are  set  forth  in  the  following  table  extracted  from 
the  original  memoir  published  in  the  "Chemical  News." 
Various  weights  of  pure  dry  K.,Cr.p-,  in  dilute  hydro- 
chloric acid  solution  were  reduced  by  means  of  sulphur- 
ous acid.  The  chromium  was  then  precipitated  by  a  faint 
excess  of  ammonia  in  the  presence  of  varying  amounts  of 


phosphoric  acid  introduced  by  means  of  a  aolution  of 
sodium  phosphate  carefully  standardized  by  mognesia. 
Beeulta : 


^"-J™- 

o™»^                             1 

Or,0.. 

FtO, 

0,0,. 

P,0». 

^,...J          ^^-          1 

obtained.  Icv.P.O,. 

Cr,P,0,. 

_ 

_ 

0-0265 

0-0221 

00430   0-0430 

_ 

— 

— 

00258 

00221 

0-0415    0-0418 

_ 

— 



00516 

0'0387 

0-0830 . 0'0837 

— 

— 



0-0258 

O'Oeoo 

O'OSOO       — 

00500 





00546 

0-0800 

'0-0990    00885 

0-1056 

a 

2 

0-0389 

0-0240 

00625    0-0629 



1 

i 

0-0258 

0-0240 

00420    00417 



1 

Ifi 

0'0258 

0-3840 

'0-0560    0  0417 

0-0500 

1 

82 

00258 

07680 

0-0496       — 

0-0500 

>  iDdeBnlte 

ixuk  phc«plmt«. 

Therefore,  in  the  first  precipitation,  when  a  large  ex- 

I  cess  of  Bodiuin  phosphate  is  present,  the  constitution  of 

'  the  phosphate  is  uncertain,  except  that  it  will  certainly 

contain  P./)^  somewhat  in   escess  of  that  necessary  to 

form   Cr^P,0ig  =  (3   Cr^O^,  2  PA)  i  ^^t  on  the  second 

precipitation  conditions  are  secnred  under  which  the  re- 

■nlts  obtained  in  the  above  table  prove  that  tho  definite 

basic  phosphate  is  thrown  down,  whilst  the  smal]  excess 

of  PiO^  combines  with  the  free  ammonia  present  to  form 

Am^POf,  which  may  bo  proved  by  well   washing  a  6r3t 

precipitate,  and  adding   a  nitric  acid  solution  of  ammo- 

n  molybdate  to  the  filtrate  from  the  second  precipi- 

'  tate. 
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Determination  of  minute  quantities  of  Chromium. 

In  estimating  percentegeB  of  cbroiniuiu  falling  below 
0'1%  weigh  out  12  grammes  of  steel,  and  obtain  the 
ohrominm  associated  with  a  comparatively  small  quantity 
of  iron  exactly  in  the  manner  described  for  obtaining  the 
second  precjpit&te  in  the  estimation  of  aluminium  on  page 
201,  of  course  adding  enough  phosphate  of  soda  to  pre- 
cipitate chromium  equivalent  to  '1^  of  12  grammes, 
using  rather  more  sulphurous  acid  and  ammonium  acetate, 
and  precipitating  from  a  mora  dilute  solution.  The  paper 
containing  the  precipitate  is,  after  drying,  ignited  in  a 
small  platinum  dish,  the  residue  ia  mixed  with  2  or  3 
grammes  effusion  mixture,  and  fused  in  the  usual  manner. 
The  extract  ia  made  up  to  120  cc,  100  cc.  are  filtered  off, 
and  on  this  volume  the  analysis  is  proceeded  with  as 
already  described ;  the  chromium  ia  weighed  as  basic 
phosphate,  and  the  result  calculated  on  10  grammes  of 
steel.  Mr,  J.  E,  Stead  has  published  results^  which  seem 
to  indicate  that  chromium  is  almost  univeraally  present 
in  small  quantities  in  British  iron  and  steel  products. 
Mr.  Stead  tabulates  percentages  as  low  as  0"006,  but  aa 
the  results  were  obtained  by  an  indirect  volumetric  pro- 
cess, involving  the  use  of  re-agents  so  readily  reduced 
as  potassium  permanganate,  and  so  easily  oxidized  as 
ferrous  sulphate,  the  authors  arc  of  opinion  that  the  un- 
avoidable errors  of  analysis  in  the  method  employed  are 
per  se  capable  of  indicating  an  apparent  ^  of  chromium 
so  minute  as  that  quoted.  Deservedly  high  as  is  the 
reputation   of  Mr.   Stead   as   a  steel  analyst,  chemists 

"Journal  of  tlie  Iruii  anil  Slecl  [nstitutc,"  l8y3,No.  I,  p.  1G8. 
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should  not  absolutely  accept  hia  volumetric  results  till 
they  have  been  confirmed  bj  the  above  process,  id  which 
a  precipitate  of  pure  phosphate  of  chromium  is  actually 
Been  and  directly  weighed. 


I 


Comparative  Advantages  of  the  Hydrate  and 
Phosphate  Methods. 

In  all  Swedish  stecla  and  in  high -class  English  Bessemer 
and  open-hearth  products,  the  hydrate  process  is  un- 
doubtedly the  best  to  use;  the  precipitate  is  less  bulky, 
more  eolublo  in  hydrochloric  acid,  leas  liable  to  pasa 
through  the  paper  on  washing,  and,  if  the  hydrochloric 
acid  solution  of  the  first  precipitate  is  inadvertently 
carried  to  complete  dryness  after  the  evaporation,  the 
baked  chloride  ia  much  moro  easily  re-dissolved  than  the 
phosphate  under  similar  conditiona.  Finally,  the  hydrate 
ia  not  hygroscopic  after  ignition.  On  the  other  hand, 
the  phosphate  precipitate  ia  teaa  liable  to  take  up  SiO^ 
when  unwittingly  boiled  in  a  now  beaker,  and  ia  not  so 
solubleinany  accidentally  added  large  escosa  of  ammonia. 
In  has  also  the  advantage  of  giving  a  larger  weight  of 
precipitate  for  a  corresponding  percentage  of  metal. 
The  authors'  experience  in  working  upon  0*5  gramme 
of  chromium  free  stoela,  into  which  6^  of  metal  in  the 
form  of  K^Or^Oj  had  been  introduced,  has  been,  that  tho 
hydrate  reaalta  averaged  ^'Qi>%  Gr,  whilst  the  phosphate 
determinations  indicated  6'05^.  In  working  upon  steels 
containing  Bay  2%  of  chromium,  duplicate  estimations 
on  different  weights  of  drillinga  agree  to  about  0'02^. 
Mr.  William  Galbraith  has  stated  in  a  paper  to  be  sub- 
sequently  referred   to,  that  gravimetric  estimations  of 
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clirorainm  are  usually  aeriouBly  high.  Mr.  GalbraitV 
view  on  this  point  ia  an  altogether  mistaken  one.  For 
more  than  twenty  years  the  authora'  experience  of  gravi- 
metric eatimationa  of  ohromiam,  made  not  only  upon 
known  quantitie3,but  upon  samples  representing  hundreds 
of  tons  of  chrome  pig-iron,  and  thousands  of  tons  of 
chrome  steel,  has  proved  that  properly-conducted  gravi- 
metric determination  a  of  chromium  invariably  give  accur- 
ate and  concordant  roaults.' 


DeterminaHon  of  Chromium  in  Aluminium  Steels. 

When  aluminium  ia  present  in  a  steel  in  which  the 
chromium  is  being  estimated  by  either  of  the  foregoing 
methods,  part  of  it  will  be  found  in  the  yellow  solution 
of  the  chromates  as  sodic  aluminato  i^NaAi),X)^^  whilat  a 
portion  remains  with  the  ferric  oxide  as  Al/i^.  Unless 
aeparated,  the  portion  present  with  the  chromium  will  be 
precipitated  as  hydrate  or  phosphate,  thus  giving  too 
high  a  result.  The  separation  is  easily  and  completely 
effected  thus:  To  the  total  yellow  extract  containing  the 
precipitates  of  iron  and  manganeae  add  10  cc.  of  a 
saturated  solution  of  re-sublimed  ordinary  ammonium 
carbonate  (3  NH^'2  CO^'H^O),  thou  pass  through  the 
liquid  for  at  least  fifteen  minutes  a  brisk  current  of 
washed  CO^  generated  from  marble  and  hydrochloric 
acid.  The  aluminium  ia  totally  precipitated  as  an  in- 
definite, basic  carbonate,  and  is  then  filtered  off  with  the 

As  has  already  been  fiointeii  out  bj  Mr.  StewJ,  tlie  precipitation 
hy  clifiiiBed  BaCO^  is  vduelesB  as  ■  i|iiantit&tive  pro- 
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iron  and  manganese.    The  principle  of  the  reaotiona  in- 
volved may  be  formulated  as  follows — 

Noi  CO^  +  {Alfis,  Na,0)  +  4  AmECO.^  +  E.O  = 
4  NaHOOs  +  Am.,C03  +  2  Av^HO  +  Al^O^ 
2  AmBO  +  CO,,  =  Am^CO^  +  Efi 
The  Bodic  aluminate  and  the  excess  of  normal  sodinin 
carbonate  present  in  the  liquid  after  the  fusion  form  acid 
or  bi-carbonate  of  soda  (in  which  alumina  is  insoluble), 
together  with  normal  ammonimn  carbonate  and  free  am- 
monia, in  which  the  alumina  remains  dissolved;  but  on 
the  conversion  of  the  free  ammonia  into  ammonium  car- 
bonate by  the  passage  of  00^,  the  alumina  is  totally 
precipitated  in  combination  with  some  carbonic  acid. 


I 


VoLUMETEic  Determination  op  Cheomiom  (Galbraith), 

This  process  was  deviaed  some  fifteen  years  ago  by 
Mr.  W.  Galbraith  for  estimating  the  chromium  in  pig- 
iron,  and  that  alloyed  in  small  quantity  with  steel.  For 
the  latter  purpose  up  to  0"25^  Or,  the  method  originally 
published,  answered  well,  but  when  applied  to  chrome- 
pig  or  to  steel  containing  a  considerable  percentage  of 
the  metal,  the  results  obtained  were  always  low,  some- 
times seriously  so,  from  the  following  causes: 

(n)  In  pig-irons  the  chromium  present  was  not  com- 
pletely dissolved  by  the  dilute  sulphuric  acid  used  for  a 
solvent. 

{h)  No  precaution  was  given  with  reference  to  the 
vital  point  of  the  volume  to  which  the  solution  must  be 
diluted,  to  ensure  the  oxidation  of  the  chromic  oxide 
[existing  in  the  aalpbate  ((J^aOa,  3  80^)1  to  chromic  an- 
hydride GtO^. 
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(c)  The  Amount  of  permanganato  of  potash  specifiedl 
was  aboQt  sis  times  too  much.  I 

The  error  introduced  under  heading  (a)  ia  too  obvioua 
to  need  explanation.  The  chromium  niisaed  under  head- 
ing (6)  escaped  estimation,  owing  to  the  fact  that  in  a 
not  sufficiently  diluted  sulphuric  acid  solution  some 
chromic  oxide  remained  unoxidized  to  the  acid-forming 
oxide.  The  loss  under  beading  (c)  was  brought  about  by 
the  unnocessarily  large  amount  of  manganic  precipitate 
formed,  carrying  down  with  it  some  of  the  chromium. 
The  above  facts  have  since  been  recognized  by  Mr.  Gal- 
braith,  and  in  the  "  Journal  of  the  Iron  and  Steel  Insti- 
tute," 1893,  No.  1,  page  150,  he  amended  his  process  for 
completely  soluble  steels  as  follows:  "The  process  thus 
becomes — Dissolve  in  sulphuric  acid  (I  in  6),  add  per- 
manganate, and  boil  till  precipitate  is  black ;  then  dilute 
and  make  alkaline  with  caustic  soda )  filter,  wash,  acidulate 
filtrate,  and  treat  as  before  with  ferrous  salt  and  potassium 
bichromate," 

The  authors  have  been  unable  to  work  tho  amended 
process — (1)  because  tho  precipitate  never  becomes  black, 
but  ia  of  a  deep  rich  brown  colour;  (2)  when  working 
say  upon  2  grammes  of  steel,  on  making  the  oxidized 
solution  alkaline  with  sodic  hydrate,  the  whole  of  the 
iron  is  thrown  down,  yielding  a  bulky  procipitato,  almost 
incapable  of  being  properly  washed. 

Modified  method. — Tho  following  modification  worked 
ont  by  one  of  the  authors  preserves  the  simplicity  of  the 
original  process,  and  to  a  great  extent  eliminates  its 
errors.  The  results  obtained  on  strictly  following  out  the 
empirical  conditions  herein  laid  down  are  practically 
accurate,  at  any  rate  in  steels  containing  up  to  3%  of  . 
chromium. 
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Re-agent  required. 

Standard  solution  of  K^Or^O-,. — This  is  made  by  dis- 
Bolving  2"8310  graminea  of  pure,  recently  dried  cryetala 
of  potasaium  bichromate  in  distilled  water,  and  makiog 
np  the  solution  to  1000  cc.  The  liquid  is  then  atandaril- 
ized  by  dissolving  0"1618  gramme  of  Swedish  bar-iron 
(99-8%  Fe)  in  70  cc.  of  dilute  sulphuric  acid  {1  in  7). 
On  titrating  the  acid  solution  of  ferrous  sulphate  with 
the  ferricyanide  indicator  (see  p.  84),  exactly  50  cc.  of 
bichromate  solution  should  be  required.  The  liquid  is 
corrected  for  strength  or  weakness  in  the  manner  ex- 

kemplified  on  p.  89. 
Weight   taken. — Weigh  ont  2  grammes  of  the 
into  a  clean  dry  10-oz.  flask. 

Dissolvirig — To  GO  cc.  of  water  contained  in  a  small 
beaker  add  10  cc.  of  pure,  strong  sulphuric  acid,  and  pour 
the  hot  mixture  into  the  flask.  The  contents  of  the  latter, 
after  covering  the  mouth  with  a  watch-glass,  are  briskly 
boiled  till  the  drillings  are  dissolved,  and  the  acid  has 
become  so  concentrated  that  white  crystals  of  anhydrous 
sulphate  of  iron  begin  to  precipitate. 

Diluting. — Rinse  the  watch-glass,  dilute,  the  solutioii 
with  100  cc.  of  hot  water,  and  bring  the  liquid  to  incipient 
^L,  boiling. 


The  Process. 
(Time  occupied,  about  1^  hoars.) 
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Ojeidhing  the  ehromium  to  OrO^. — Remove  the  flask 
from  the  plate,  dissolve  in  the  solution,  a  few  crystals  at 
a  time,  pure  potassium  permanganato,  well  shakin^r  round 
the  fluid  after  each  addition  till  the  iron  is  oxidized  to 
ferric  sulphate,  and  a  slight,  pale-brown  permanent  pre- 
cipitate is  produced.  About  1\  grammes  of  the  crystal 
will  be  required  to  reach  this  stage.  Nest  add,  weighed 
roughly,  0'2  grammo  more  of  the  permanganate  crystals 
and  shake  the  liquid  round  till  they  hare  dissolved,  pro- 
ducing a  dark  brown  precipitate;  then  rinse  down  from 
inside  the  neck  of  the  flask  any  adhering  fragments  of 
permanganate;  the  contents  of  the  flask  are  then  boiled 
for  five  minutes  and  removed  from  the  plate. 

Filieriiifi. — Allow  the  precipitate  to  settle  somewhat, 
and,  slowly  at  first,  pour  the  solution  through  a  pure' 
110  mm.  filter  contained  in  a  2j"  fuDuel.  The  rich 
purple-brown  precipitate  is  then  thrown  upon  the  filter, 
the  flask  ia  well  rinsed  out,  and  the  precipitate  and  paper 
are  washed  with  hot  water  till  the  filtrate  is  colourlesa. 
The  latter  ia  received  into  a  perfectly  clean  14-oz.  corneal 
beaker.  The  filtration  and  washing  occupy  only  from  five 
to  ten  minutes. 

Titrating. — When  weighing  out  the  chrome  steel  there 

'  'J'hiok  filters  nf  impure  paper  are  linble  to  rcdiire  a  little  chromic 
acid  to  chromic  oxide  during  tlie  filtration,  but  the  authors  have  not 
beeu  able  tu  detect  uuy  practical  difTerence  in  the  results  obldned 
when  BsbleBS  j)apcrs  are  used,  and  those  registered  iin  a  filtrate  passed 
— an  BUfrpCHtcd  by  Mr.  Hogg- — throu^'h  recently -ignited  tubcstna.  If 
the  Utter  h  used,  2'4  grammes  of  steel  may  be  employed,  nniu^'  0"i5 
franime  excess  of  permanganate,  and  titrating  fivc-eixths  of  the  total 
liquid.  The  latter  is  filtered  through  an  oabcstos  plug  packed  in  the 
shoulder  of  a  sraull  piece  of  combustion  lubitig  l'  in  diameter,  but 
drawn  out  at  one  end  to  an  inside  diameter  of  ^*;  as  much  as 
possible  of  the  lii]uid  ia  passed  through  the  plug  before  throwing 
much  precipitate  upon  it. 


m 
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should  also  be  weighed  onb  into  a  clean,  dry  12-oz.  flask 
0'1618  gramme  of  Swedish  Lancashire  hearth  bar-iron, 
in  which  on  analysis  the  iron  by  difference  should  be 
practically  99'8%.  As  soon  as  the  filtration  of  the  chromic 
solution  is  commenced,  add  bo  the  flask  containing  the  iron 
a  mixture  of  10  cc.  of  strong  sulphuric  acid  with  60  cc. 
of  water,  and  boil  the  contents  of  the  flask,  after  covering 
the  latter  with  a  watch-glass.  The  known  quantity  of 
ferrous  sulphate  in  sulphuric  acid  solution,  which  must  be 
quite  colouriesa,  will  thus  be  ready  shortly  after  the 
washing  is  completed.  When  the  last  particle  of  iron  is 
dissolved,  remove  the  flask  from  the  plate,  and  pour  into 
ib  the  perfectly  clear  chromic  solution  from  the  conical 
beaker,  well  rinsing  out  the  latter.'  The  excess  of  iron 
is  then  dotormined  by  the  standurd  bichromate  solution, 
delivered  from  a  50  cc.  burette,  exactly  in  the  manner 
described  for  manganese  on  p.  85;  each  cc.  remaining 
the  burette  equals  0'05%  Cr.  The  50  cc.  of  standard 
Bolntion  are  therefore  capable  of  estimating  a  masimum 
of  2"5%  Cr.  For  steels  up  to  5^  double  the  weight  of 
{0-32a6)  is  employed,  then  each  cc.  left  out  of  100 
cc.  of  the  bichromate  solution  also  equals  0'05^  Or, 


Example  of  Titration. 

Working  on  the  quantities  first  given,  23  "2  cc.  of  the 
standard  solution  were  required  to  oxidize  the  oxceaa  of 
ferrous  iron,  then  50— 23'2  =26-8,  and  26-8  x  "05  = 
1-34%  of  chromium. 

'  Never  {tour  the  irou  soliitioD  into  the  chromic  liqtiid,  becauBc  tlie 
I   (brmer  may  tlieii  become  sligLElj  oxidized  by  the  air. 
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T/ieoretical  Considerations. 
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The  reason  for  boiling  the  sulphuric  acid  solution  of 
the  steel  till  sulphates  precipitate,  is  to  ensure  the  de- 
composition of  separated  flocks  of  black  chromium  car- 
bide, which  resists  the  attfick  of  the  more  dilute  acid. 
On  adding  the  6rst  and  main  portion  of  permanganate 
to  the  solution  the  iron  is  oxidized  from  ferrous  to  fenia_ 
sulphate  thus — 

SO,).  +  K,SO, 


The  last-added  I'^^ths  of  a  gramme  of  permanganate  by. 
a  reaction  not  well  understood,  oxidizes  the  chromiam 
existing  as  chromic  oxide  OriOg — in  the  chromic  sulphate 
Ofa(SOj)a  =  (Cr„03,  3  ao^y-to  potasaium    bichromate, 

Cr^lSOJ,  +  2KMn  O,  +  3W,0  -  K^Cr^O,  +  iMnO^  +  SH^SO, 

The  reaction  of  the  bichromate  solution  upon  the  acid 
ferrous  sulphate  is  formulated  on  p.  88,  and  from  the 
examples  there  given,  the  calculation  of  the  standard 
solution  used  in  the  present  case  should  be  obvious. 
Some  chemists  use  for  ferrous  iron  a  weighed  quantity  of 
ferrous  sulphate  or  ammonio-ferrous  sulphate  crystals. 
Sometimes  the  salts  are  made  up  in  dilute  sulphuric  acid 
solution  (l  in  10)  into  standard  liquids.  The  above  pro- 
ceedings involve  a  pre  supposition  of  the  perfect  purity  of 
the  bichromate.  It  is  better  therefore  to  standardizo  from 
pure  metallic  iron,  concerning  which  no  doubt  can  exist. 
Wbenstandardftcid  solutionsofferrousBalts  are  employed, 
they  should  be  frequently  checked  by  a  standard  bichro- 
mate solution,  to  ascertain  that  no  atmospheric  oxidation 


I 
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has  occurred.  The  weight  of  nneffloreaced  green  crystBls 
of  ferrous  sulphate  (FeSO^,  7  -ff^O)  neceaaary  to  dissolve 
in  dilute  sulphuric  acid  as  an  equivalent  for  the  weight  of 
metallic  iron  used  in  the  foregoing  process  will  be  TGOS 
grammea.  If  made  up  into  a  standard  aolntion  32'06 
gramnaes  of  salt  must  bo  dissolved  in  about  700  cc.  of  cold 
dilute  sulphuric  acid  (1  in  7),  and  the  liquid  made  up  to 
1  litre.     50  cc,  of  this  solution  should  be  equivalent  to 

iO' 1618  gramme  of  Swedish  iron.  Jn  the  caae  of  ammonio- 
ferrous  sulphate  {FeAm.j[S0t)3,  6  H^O),  which  is  perhaps 
the  better  salt  to  employ,  2'261  grammes  of  crystals  will 
be  required  per  estimation,  or  if  made  up  into  a  standard 
solution  containing  in  50  cc,  ferrous  sulphate  equivalent 
to  01618  gramme  of  Swedish  iron,  45"22  grammesof  the 
ealt  must  be  contained  in  1000  cc.  of  dilute  sulphuric 
acid. 


\ 


Volumetric  Detekmination  oj  Chrouidm  (Stead'}. 

Mr.  Stead  haa  devised  the  following  modification  of 
the  permanganate  process,  which  iu  the  authors'  hands 
has  yielded  excellent  results,  closely  agreeing  with  those 
obtained  by  the  gravimetric  processes  and  the  preceding 
method  when  working  upon  completely  soluble  chrome 
steels. 

The  Process. 

(Time  occupied,  about  1 J  hours.) 

Weight  iaken. — Weigh  out  2  grammes  of  drillings 
into  a  40-oz,  flask. 


riifvl  of  Ihu  Iroo  and  Steul  Inatitutu," 
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Dieaolving. — This  is  effected  esactly  aa  in  the  proceaa 
last  described, 

Diluthtg, — Take  np  the  separated  sulphates  by  diluting 
the  solution  with  300  cc.  of  hot  water. 

Oteidtnng. — Bring  the  liquid  to  boiling,  and  add  a 
warm  saturated  solution  of  potassium  permanganate  till 
a  brown  precipitate  is  produced,  aud  the  boiling  liquid  is 
decidedly  and  permanently  coloured  with  permanganate. 

JDissolving  up  the  manQanie  precipitate. — Add  little  by 
little  to  the  still  boiling  fluid  strong  HOI  solution  till  the 
precipitate  is  dissolved,  and  a  clear,  rich  yellow-red 
liquid  is  obtained:  70  to  90  cc.  of  the  fuming  acid  will 
be  required.    Then  add  100  cc.  of  hot  water. 

Boiling  off  the  chlorine. — The  liquid  ia  now  briskly 
boiled  for  about  20  minutes,  till  absolutely  free  from  any 
smell  of  chlorine,  The  disengagement  of  the  latter  ia 
facilitated  by  dropping  into  the  flask  a  pinch  of  recently- 
ignited  white  sand. 

Titrating. — The  chlorine-free  liquid  is  then  added  to 
an  excess  of  ferrous  sulphate,  the  liquid  is  titrated,  and 
the  percentage  of  chrominm  is  calculated  exactly  as  de- 
scribed for  the  last  method,  the  dilute  sulphuric  being 
added  to  the  iron  contained  in  a  40-oz  flask,  when  the 
operation  of  boiling  off  the  chlorine  is  nearly  completed. 


Theoretical  Considerations.  , 

Most  of  the  reactions  are  identical  with  those  occurring^' 
in  the  last  process.  The  precipitated  3f?tO,  is,  however, 
in  the  present  case  converted  into  mangnnous  chloride 
with  evolution  of  chlorine,  thus — 

Un03  +  AnGl  =  MnGi^'\-2  01  +  2  B.fi 


J 


The  sand  mechanically  assists  the  evolution  of  chlorine 
gaa  from  the  solution.  If  any  free  chlorine  is  left  in  the 
liquid  it  will  oxidize  the  ferrous  sulphate  thus — 


^B  2  FeSO,  +  2  OZ  +  HjSO,  =  ^^^^(SOJ,  +  2  HCl 

^^■of  conrse  giving  &  result  higher  than  the  truth,  the  oxid- 
^^Kjsing  power  of  the  chlorine  heing  registered  as  due  to 
^^pehromic  acid.  The  solution  in  the  present  process  is 
^^  largely  diluted  to  avoid  the  reduction  of  some  of  the 

chromic  acid  to  chromic  chloride,  which  takes  place  in  a 

liquid  strongly  acid  with  ECl  thus — 
A'jOrjO,  +  14  HCl  =  2  KCi  +  2  OrOk  +  3  Gl.,  +  1  H^O 


Vignal's  Method. 


I ..„_. 

^Bthe  volumetric  process  for  the  estimation  of  chrominm  is 
^Vihe  one  due  to  Yignal.  It  differs  from  those  just  de- 
Bcnbed  in  two  essential  points:  (1)  the  iron  is  con- 
verted into  the  ferric  condition  by  means  of  nitric  acid 
before  commencing  the  oxidation  of  the  chromium  with 
permanganate,  and  (2)  the  final  titration  is  performed 
with  a  standard  solution  of  potassium  permanganate 
instead  of  bichromate. 

A  brief  but  sufficiently  detailed  account  of  the  method 
is  rendered  under  the  analysis  of  high-speed  steels  on 
p.  260,  where  also  the  theoretical  value  of  the  modifica- 
tdons  referred  to  are  discussed. 
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Comparative  Consideration  of  the  Gravimetric 
and  Volumetric  Methods. 

Where  only  few  estinnitioQa  have  to  be  miide,  aod  time 
i  not  a  condition  of  vital  importanco,  tlie  gravimetric  ia 
the  most  reliable  process  to  employ,  particularly  in  the 
analysis  of  steels  containing  a  very  high  percentage  of 
chromium,  which  are  not  completely  dissolved  by  sul- 
phnric  acid,  leaving  a  black  residue  of  carbide  of 
chromium.  In  disputed  cases,  volumetric  results  should 
be  invariably  confirmed  by  a  carefully  conducted  direct 
assay.  On  the  other  hand,  the  volumetric  process,  cer- 
tainly in  steels  containing  up  to  3^  of  chromium,  gives 
practically  accurate  results,  which  have  the  advantage  of 
being  very  promptly  obtained,  in  a  manner  far  leas 
tedious  than  the  careful  operattons  necessary  to  yield 
accurate  gravimetric  rosulta. 

In  order  to  check  his  working  of  the  gravimetric  pro-  J 
cess,  the  student  should  weigh  out  2*4  grammes  of  m-M 
ateel  proved  to  be  free  from  chromium,  and  add  before 
dissolving  in  SOI  say  exactly  0"1  gramme  of  pure  dry 
KiOr-fij.  The  weight  of  oxide  or  phosphate  obtained 
should  calculate  out  to  1'475%  of  metal.  It  should  also 
be  ascertained  that  the  volumetric  method  is  being 
carried  out  under  correct  conditions  by  taking  2  grammes 
of  the  chromium  free  drillings,  and  before  dissolving  in 
dilute  sulphuric  acid,  adding  from  the  burette  say  25  cc, 
of  the  standard  bichromate  solution.  On  titrating  the 
excess  of  ferrous  iron  left  at  the  end  of  the  operation, 
exactly  25  cc.  of  standard  solution  should  remain  in  the 


burette,  or,  in  Vignal's  method,  an  amoniit  of  ferroni 
ammoninm  sulphate  ehoiild  be  ased  up  equivalent  I 
14'4  CC.  of  decinormal  potaasium  permanganate. 


Deteqhination  of  Nickel  (Besarlev). 
(Time  occupied,  2  hours.) 


Re'ogents  required. 


Standard  silver  nitrate  solution. — DiBSolvo  3'4gramme«j 
of  pare  silver  nitrate  crystals  in  water,  add  a  few  dro] 
of  ammonia  and  make  up  to  lOOO  cj3.    Store  the  solutioi 
in  a  dark  bine  Winchester  and  label  it 

AgN03  1  CO.  =  O-0O0S86  gramme  nickel. 

Standard  Potaseium  cyanide  soiMdW.— Dissolve  about 
3  grammes  of  potassium  cyanide  in  water  containing  a 
few  CC.  of  ammonia  and  make  up  to  1000  cc.  Ihis 
solution  ia  not  permanent,  and  is  standardized  at 
determination  by  means  of  the  silver  solution. 


The  Process. 


ead^ 


DisBolvimj,  etc. — Two  gramniea 
weighed  out  and  placed  in  »  30-c 
fl»k,  dis.olv,d  i„  20  llfJl'Zi^oTo!  .  tew  oo.   of 


of    tbe  drillings   are 

registered   conical 

chloric  acid  and 


the  iron  oxidized  by  t 
.trong  nitric  acid  .ji„„  ;,  diluted  to  a  balk  ot 

if«»(rali>iiij.— The  acid  aoloBoo  m  ^ 
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about  400  cc.  with  luke  warm  water  and  dilute  ammonia 
(1  to  3]  added  a  little  at  a  time  witli  vigorous  shaking 
between  each  addition.  When  the  liquid  just  begins  to 
darken  in  colour  and  before  a  permanent  turbidity  ia 
produced  the  addition  of  ammonia  is  stopped  and  a 
saturated  solution  of  ammonium  carbonate  is  added  also 
a  little  at  a  time  with  vigorous  shaking  between  each 
addition.  Each  successive  addition  of  the  carbonated 
alkali  results  in  the  formation  of  a  brown  precipitate 
which  dissolves  on  shaking,  producing  a  solution  growing 
darker  and  darker  in  colour  by  each  addition,  and  finally 
appearing  black  in  the  bulk,  although  thin  layers  by 
transmitted  light  exhibit  a  lemon-yellow  tint.  The 
addition  of  ammonium  carbonate  is  continued  until  a 
permauout  brown  precipitate  is  produced.  This  is  then 
dissolved  in  from  10  to  20  cc.  of  the  B.  P.  acetic  acid  by 
shaking  vigorously.  The  liquid  is  then  diluted  with 
water  nearly  to  a  litre. 

Precipitating  the  iron. — The  flask  is  placed  on  the  hot 
plate  and  a  thermometer  inserted.  The  at  first  very 
dark  liquid  will  after  a  time  become  paler  in  colour  and 
at  the  same  time  develop  a  turbidity.  If  the  preceding 
neutralization  has  been  carefully  conducted,  the  turbidity 
should  not  become  apparent  below  70''  C,  Should  this 
happen,  however,  the  liquid  ia  cleared  by  the  addition  of 
two  or  three  drops  more  of  acetic  acid,  but  it  must  be 
remembered  that  the  amount  specified  above  (20  cc.  at 
the  moat)  should  not  be  exct'oded.  Aa  the  temperature 
rises  further,  the  turbidity  becomes  mora  pronounced,  and 
individual  flocks  of  ferric  hydrate  can  readily  bo  dis- 
tinguished. At  or  near  the  boiling-point,  the  precipita- 
tion of  the  iron  ia  completed  by  the  addition  of  ammonium 
VQreat  care  ia  necessary  at  this  point,  because 
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the  addition  of  an  excess  of  this  re-agent  results  in  a  loss 
of  nickel  carried  down  with  the  iron  precipitate.  To 
90  cc.  of  water  add  10  cc.  of  the  ainmonium  acetate 
solution  prepared  by  neutralizing  "880  ammonia  with 
B.  P.  acetic  acid  and  niix.  From  10  to  20  cc.  of  this 
dilute  ammonium  acetate  should  be  ample  io  effecting 
complete  precipitation  of  the  iron,  and  on  no  account 
must  this  amount  be  exceeded.    The   whole  mixture  is 

»now  maintained  at  the  boiling-point  for  about  a  minute 
uid  then  removed  from  the  plate. 
fractional  Jiltration. — Transfer  the  mixture  to  a  gradu- 
ated litre  flask,  wash  oat  and  make  up  to  the  mark  with 
hot  water,  the  usual  allowance  being  mado  for  the 
volume   of  the  precipitate,  note  the  temperature  after 

I  mixing,  and  filter  off  500  cc.  through  a  largo  funnel 
'fitted  with  a  dry  folded  filter-paper.  The  filtrate,  ad- 
jnated  to  500  cc.  at  the  previously  noted  temperature, 
rcontains  the  nickel  from  1  gramme  of  steel,  and  should 
be  absolutely  free  from  iron.  It  contains  the  whole  of  the 
manganese  and  nickel,  and  its  colour  will  bo  determined 
by  the  amount  of  the  latter  metal. 

Titration  of  the  Nickel. —The  600  cc.  are  transferred 
to  a  clean  30  oz.  registered  fiask  and  i^nickly   cooled  to 

*the  laboratory  temperature  under  the  water  tap.  Two 
cc.  of  concentrated  sulphuric  acid  are  added,  and  then 
dilute  ammonia  until  the  solution  is  faintly  but  distinctly 
alkaline.  Several  small  crystals  of  potassium  iodide  are 
now  introduced  and  dissolved  by  shaking. 

Two  burettes  are  charged  to  the  zero  mark,  one  with 
the  standard  silver  nitrate  solution,  and  the  other  with  the 
potassium  cyanide  solution.  The  fiask  containing  the 
nickel  solution  is  placed  under  the  silver  nitrate  burette 
and  about  3  cc.  of  the  latter  ran  in  so  as  to  produce  a 
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yellowish  turbidity  due  to  the  precipitation  of  silver 
iodide.  The  flask  is  then  placed  under  the  potassiam 
cyanide  burette  and  the  latter  solution  delivered,  not 
more  than  2  cc.  at  a  time,  with  shaking  between  each 
addition.  The  turbidity  increases  at  first  owing  to  the 
precipitation  of  nickel  cyanide,  but  afterwards  decreases 
again,  becoming  fainter  and  fainter  until  the  solution 
becomes  ftbsolutely  clear  at  the  last  careful  addition  of  a 
few  drops  only  of  the  potassium  cyanide  solution.  The 
exact  end  point  ia  obtained  with  the  greatest  osactitude 
because  after  having  "  cleared  "  with  cyanide,  the  tur- 
bidity is  at  once  reproduced  by  the  addition  of  a  drop  or 
two  of  silver  solution,  and  can  be  again  discharged,  the 
process  being  capable  of  repetition  any  number  of  times. 
The  burette  roadings  are  then  taken. 

Standardizing  the  Cyanide  Solution. — From  20  to 
30  cc.  of  the  standard  silver  nitrate  solution  are  now 
run  into  the  Sask  still  holding  the  finished  assay,  and 
potassium  cyanide  again  added  in  the  same  manner 
until  the  turbidity  is  just  removed.  The  difference 
between  the  second  pair  of  burette  readings  and  the 
first  represents  the  relative  strengths  of  the  cyanide  and 
silver  solutions. 

Taking  the  latter  solution  as  being  accurate,  sufficient 
data  have  now  been  obtained  to  furnish  the  desired 
result.  If,  however,  it  bo  deemed  advisable  to  doter- 
mine  the  strength  of  the  cyanide  directly  in  terms  of 
metallic  nickel  instead  of  calculating  through  silver  to 
nickel,  a  definite  amount  of  a  pure  nickel  salt  should  be 
introduced  after  the  standardizing  and  a  third  pair  of 
readings  obtained.  The  authors  recommend  the  use  of 
a  eolation  of  re  crystallized  nickel  ammonium  sulphate; 
6'735  grammes  of  the  pure  salt  in   1000  cc,  furnish  a 
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nolntion  containiog  I  niilligratrinie  of  nickel  per  cc,  and 
^80  cc.  of  such  a  solution  is  a  convenient  amount  to  use 
por    standardizing    the   cyanide.    An  example  of   each 
method  of  calculation  is  appended. 


WlrorNilnle 
rmdinp.. 

"-ZtS— 

I. 

00 

2-6 

Titration  of 

ussajr. 

00 
35-2 

29-3 

Standard  iitiug. 

60-6 

00 
5-5 

Titration  of 
assay. 

00 
38-0 

II. 

26-5 

Standardizing 
KCNv\thAgNOy 

58-0 

29-7 

Standardizing 
ffC'-^with  Ni 
=  02  gramme. 

93  4 

KGN 
6(11)  c( 


AgNOi 
29-3  cc. 


,  A:pjtf=  —  =  1-061  cc.  AgNO^. 
254 


lo  the  actual  titration  of  the  solution  containing  the 
niokel,    35'2    cc.  KCl^  victq  used    up  nn    the  nnfenown 
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amount  of  nickel  plus  2*6   cc.  of  the  silver   solution. 
From  the  above  we  have 

35-2  cc.  S:OJV^=  35-2  X  1-051 

=  37  cc.  AgNO^ 
37  leas  2*6      =  34'4  cc.  AgNO^ 

The  actual  amount  of  nickel  is  therefore 

34-4  X  -000586  =  -02016  gramme 
•02016  X  100  =  2-016  per  cent,  nickel. 

II.  21  cc.  AgNOs  =  20  cc.  KON 

lcc.  =  — =  0-95cc.  ^OJV'. 
21 

•02  gramme  nickel  =  (93*4  —  58)  cc.  KON  less  the  amount 

equivalent  to  (29-7  -  26-5)  cc.  of  AgNO^. 

•02  gramme  nickel  =  35*4  —  3*2  x  -95  cc.  KON 

=  32-4  cc.  KON 

The  assay  itself  gives  38  -  5*5  x  -95  =  32 '8  cc.  KON. 
If  therefore  "02  gramme  nickel  represents  32*4  cc.  KON, 
the  nickel  in  1  gramme  of  the  steel  is 

•02  X  32-8      ^^^^  . 
—  =  -02024  gramme. 

o^"4 

Nickel  =  2*024  per  cent. 


T/ieory  of  the  Process. 

The  separation  of  nickel  from  large  amounts  of  iron 
is  based  upon  the  fact  that  the  latter  when  precipitated 
as  ferric  hydrate  does  not  carry  down  with  it  any  nickel 
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when  the  requisite  condition  of  feeble  aoidity  ia  eecured- 
It  is  well  known  that  if  ammonia  is  added  in  exceaa  to  a 
mixture  of  iron  in  the  ferric  condition  with  nickel,  the 
precipated  ferric  hydi'ate  invariably  carries  down  with  it 
(adsorbs)  a  certain  amount  of  the  nickel.  The  latter  can 
be  romoved  from  the  precipitate  by  the  cautious  addition 
of  very  dilute  acid  without  dissolving  an  appreciable 
amount  of  the  ferric  hydrate,  but  tho  operation  ia  only 
possible  to  skilled  and  experienced  workers.  By  opprating 
in  the  manner  detailed  above,  however,  the  student 
should  experience  no  difficnlty  in  effecting  a  perfect 
separation  of  iron  from  nickel. 

Tho  theory  of  the  neutralization  of  the  acid  solution 
containing  the  iron  and  nickel  1ms  been  already  dealt 
with  to  some  extent  in  connection  with  the  gravimetric 
deter  mi  nation  of  manganese.  Tho  aubatitution  of  ammo- 
nium carbonate  for  the  hydrate  in  neutralizing  enables 
one  to  generate  a  highly  basic  ferric  chloride  before  the 
formntion  of  a  permanent  precipitate.  The  deepening 
colour  of  the  solution  is  due  to  tho  solution  of  increasing 
amounts  of  ferric  hydrate  in  correspondingly  decreasing 
amounts  of  ferric  chloride.  This  action  is  facilitated  by 
shaking  and  by  the  disintegration  of  the  ferric  car- 
bonate, momentarily  precipitated,  into  tiny  particles  of 
hydrated  ferric  oxide  by  the  escaping  carbon  dioxide 
resulting  from  its  apontanoons  decomposition. 

2  FeCk  +  3  Am,0O^  =  Fe,{00^^  +  6  AmOl 

When  the  precipitate  finally  refuses  to  dissolve,  at 
I  least  seven-eighths  of  the  iron  is  in  a  state  of  loose  com- 
I  bination  with  the  remainder,  and  the  clearing  of  the 
I  solution  with  a  small  amount  of  acetic  acid  yields,  as  far 


196 


STEEL   WORKS  ANALYSIS 


as  conoerne  the  iron,  a  condition  approxiuifiting  to  the 
formiilft  FeCl^'l Fe{EO\.  By  boiling  thia  soluble  com- 
pound,  it  is  decomposed  with  precipitation  of  the  bydrate 
and  partial  hydrolyaia  of  the  chloride. 

F>,01,  +  3  Up  -  FeiOB)^  +  3  UGl. 

The  complete  precipitation  of  the  small  amount  of 
unchanged  chloride  is  eS'ected  by  the  dilute  ammonium 
acetate,  a  baaic  acetate  being  formed  and  a  small  amoant 
of  acetic  acid  generated,  'f  ho  conditions  specified  in  the 
detailed  account  are  chosen  so  as  to  produce  the  requisite 
degree  of  aciditjj  and  these  conditions  ought  not  to  be 
departed  from. 

The  cyanomotric  determination  of  small  amounta  of 
nickel  in  the  filtrate,  after  making  alkabne,  is  perhaps 
the  most  accurate  quantitative  operation  known  to  the 
authors.  When  potassium  cyanide  is  added  to  a  sotution 
containing  nickel  and  silver,  the  following  reactions  occur 
in  the  order  given; 

NlOk  +  2  ^ON  =  m(ON).  +  2  KOI 

Ni{CN),  +  2  KCN  =  Ni[aN)2  -2  KCN 

AgNO^  +  KCN  =  AgCN  +  ENO3 

AgON+EON=AgCNKON. 

The  nickel  is  first  converted  to  an  insoluble  cyanide 
which  dissolves  in  excess  of  the  re-agent  to  form  a  double 
cyanide,  and  until  this  reaction  has  been  carried  to  com- 
pletion the  silver  purposely  added  is  not  attacked.  In  its 
torn,  this  metal  is  also  converted  to  a  soluble  double 
cyanide.     The  end '  of  the   operation  is  determined  by 


e  sharpness  of  tlic  <mi<1  r 
I  siil[ili(itc.   This  au! 
geiiernleil  in  lEie  Milalicii  in  iJie 


on  is  improved  by  tlie  presCDce 
n  lio  ulilcxi  in  the  nolid  form  or 
iicr  iniliculcd. 


the  final  deco in  position  of  the  silver  iodide  generated 
by  the  addition  of  potassium  iodide  before  the  titration 
is  commenced. 

AyNO,  +  K"/=  Agl+  KNO^ 

Ths  turhldltj. 

AgI+2  KON=AgON-KON+  KL 
From  the  above  equations  it  is  evident  that  twice  as 
mach  potaBBium  cyanide  is  consumed  in  converting  an 
atomic  weight  of  nickel  to  the  double  cyanide  than  in 
similarly  converting  one  atomic  weight  of  silver.  Hence 
\  Ag  =  108  is  equivalent  to  .^  Nl  =  20'3.  But  108  parts  of 
Ag  are  contained  in  170  parts  of  AgNO^,  so  that  by  dis- 
aolving  3'4  grammes  of  silver  nitrate,  and  diluting  to 
1000  cc,  we  have  a  aolntion  each  cc.  of  which  contains 
"00216  gramme  of  the  metal,  and  this  amount  is  equiva- 
lent to  'OC0586  gramme  of  nickel. 


Ilvf/i  Nickel  Steels. 

The  aoparation  of  nickel  from  iron  by  the  method  just 
E- described  IB  applicable  to  all  percentages  of  nickel,  bo 
I  that  the  same  original  weight  of  drillings  may  always  be 
taken.  The  solutions  of  silver  nitrate  and  potassium 
cyanide  at  the  strengths  specified  cannot,  however,  bo 
advantageously  used  when  the  nickel  in  the  filtrate 
{representing  one  gramme  of  material)  exceeds  5  per 
cent.  A  measured  fraction  of  the  filtrate  should  therefore 
be  used  for  the  titration  so  as  to  comply  with  this  con- 
dition. This  procedure  is  better  than  that  of  dealisg 
with  a  smaller  amount  of  drillings. 

High   nickel  steels  invariably  contain    comparatively 
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large  amounts  o(  maDgacesc,  and  lliia  inetal  passou  en- 
tirely into  the  filtrate  witli  the  nickel.'  On  making 
alkaline  with  ammonia  the  manganoua  hydrate  partially 
precipitated  may  produce  sufficient  manganic  hydrate  by 
atmospheric  oxidation  during  the  titration  to  obsouro 
the  end  reaction.  In  such  an  event,  excess  of  potasaium 
cyanide  is  added,  and  the  whole  solution  then  paused 
through  a  small  pulp  filter.  The  clear  filtrntu  is  then 
treated  with  silver  nitrate  so  as  just  to  reproduce  the 
turbidity,  and  this  is  then  finally  discharged  by  a  drop 
or  two  of  cyanide. 

Copper,  if  present  in  more  than  traces,  is  found  in  the 
filtrate  with  the  nickel,  and  reacts  with  the  potassium 
cyanide  solution.  It  should  be  removed  by  pasaiug  a 
washed  current  of  sulphuretted  hydrogen  through  the 
acidified  filtrate.  The  precipitated  copper  sulphide  is 
filtered  away,  and  the  excess  uf  sulphuretted  hydrogen 
expelled  by  boiling  before  commencing  the  cyauometriu 
determination  of  the  nickel. 

'  All  cxi'iiUeiit  iinjiiilii;aliun  of  the  gravimetric  (iroi-enB  for  cstituat- 
ing  luaagaaesn  U  tLe  uiic  here  iloscribed  for  niokcl.  Four  gnnuiics 
of  rlrillingti  Me  weighed  out  uid  tlic  {irocraw  carried  out  exactlj  ax 
described,  except  tliat  tlie  nmntonium  acetate  mny  bu  added  in  mucli 
larger  amouuU  without  anj  fear  of  loss  of  niaugunese.  The  ODO  cc. 
of  filtrate,  coutaioiu^  the  luauganusc  from  2  gnunmea  of  steel  Qisy  l>c 
nt  onee  cooled  and  treated  with  binmine  aud  ammouia.  Thcru  is  no 
ueceBsity  for  concentniting  the  liquid  to  eliuilnate  tracee  of  iron,  ns 
tlie  filtrate  is  invariablj  free  from  it. 

The  method  is  applicable  to  miuganese  ollovs  also,  a  perfect  sejiara- 
tiuii  of  manganese  from  irou  rciiilting  at  oue  i>recipitaiioii  even  whcu 
lis  uiucli  OS  one  gram  of  the  ricliuBt  alioj  iit  token  for  the  analvBiB. 
'Che  large  amimnt  uf  manganese  in  the  filtrnt*  is  t«o  eumbereome  to 

*"  jrith,  however,  and  a  fraetiou  oal;  should  be  taken  for  the  sub- 
w<|uedt  precipitation  with  bromioe  anil  ai 


Gbatuibtbic  Deterhenatioh  oy  Alcuinidh  (Amolil). 

Aluminium  ateel,  iu  the  sense  tbat  the  material  contains 
I  a  considerable  percentage  of  the  somewhat  costly  metal 
I  sllojed  with  the  iron,  can  hardly  bo  considered  as  a 
I  00 mm ercial  product,  bat  tttoels  whicb  have  been  treated  to 
I  prevent  blow-holes  with  a  small  percentage  of  alumiaiam, 
I  and  consequently  contain  a  few  hundredths  of  I  ^  of  that 
I  metal,  aro  now  of  fairly  frequentoccurrence.  The  accurate 
I  determination  i>f  so  small  a  quanty  of  aluminium  asso- 
\  ciated  with  such  a  comparatively  enormous  mass  of  iron 
1  a  matter  requiring  considerable  care  and  skill;  the 
I  chemical  reactions  of  tho  two  niotals  being  so  closely 
1  analogous.    The  following  process  is  designed  for  steels 

containing  not  more  than  ^'^/,  ^^  alum.tnium.  It  mnst 
I  not  be  applied  without  some  modification  (which  will  be 

referred  to  later  on)  to  steels  containing  a  considerable 
.  percentage  of  Al;  neither  is  it  suitable  for  chrome 
Lotofila. 


Re-agents  required. 

Strong  sodie  hydrate  solution. — 'This  may  be  prepared 
as  required  in  a  platinum  dish  from  equal  weights  of 
the  pure  solid  (made  from  sodium)  and  water. 

Slawlard  solution  oj  sodium  phosphate. — This  solution 
must  contain  in  1  co.  [measured  from  a  1  cc,  pipette) 
enough  P^Of,  to  precipitate  0'I%  -1/  in  6  grammes  of 
steel  as  phosphate.  It  is  made  by  dissolving  7'87 
grammes  of  crystallized    ordinary   phosphate    of    soda 
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{Na.,IIPO^  •  12  H/))  in  hot  water,  and  diluting  the  liqait 
when  oold  to  100  cc.  It  should  be  preserved  in  a,  well- 
stoppered  bottle  labelled  with  the  strength  of  the  Eola- 
tion. 


The  rrocens. 
(Time  occupied,  about  1  day.) 

L  30-oz,  rt'gislorod 


Wi-ighl  talcoit. — Weigh  out  into 
tlask  0  grammes  of  the  steel. 

Dissolving, — Add  to  the  drillings  1  cc.  of  the  standard 
Hodium  phosphate  solution  (^thismust  not  be  fonjotlen)  and 
50  00.  of  strong  HOI  solution.  Place  a  watch-gliiss  on  tha 
flask,  boat  quiotly,  and  finallj  boil  on  the  hot  plate  till 
tho  drillings  havo  dissolved, 

IMlvtiiig. — Then  dilute  with  200  cc.  of  hot  water, 

Nculralhing  and  redttd-ng, — Bring  the  liquid  nearly 
to  boiling,  aud  little  by  little,  and  finally  drop  by  drop, 
constantly  shaking  the  solution  round,  add  dilute  ammonia 
till  a  slight  permanent  precipitiito  ia  obtained;  then  add 
2b  cc.  of  strong  H.-SO^  solution,  and  boil  till  no  smell  of 
80^  is  noticeable. 

Finl  precipitation, — Next,  all  the  time  keeping  tho 
palo-grucn  liquid  gently  boiling,  add  slowly  D  cc.  of  33^ 
noetio  acid  solution,  then,  a  few  cc.  at  a  time,  25  cc.  of 
hot  ammonium  acetate  solution,  after  which  briskly  boil 
for  2  or  3  minutes. 

Mrgt  filtration. — Itemove  the  flask  from  tho  plate, 
allow  the  precipitate  to  settle  somewhat,  and  then  poor 
through  an  ashless  GItor  110  mm.  in  diameter,  contained 
in  a  2J-in.  ribbed  funnel  (to  which  is  attached  by  means 
of  india-rubbiir  tubing  the  glass  loop  shown  in  Fig.  2],i 


1 

ill  ^ 
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much  as  possible  of  tho  liquid  before  throwinff  the  pre- 
cipitate on  the  filter.  The  filtrate  should  be  at  first  quite 
clear  and  pale-green  in  tint,  but  it  soon  becomes  dark 
coloured  and  tai-bid,  a  acum  also  forming  on  the  filter- 
paper  and  in  the  fiask.  Drain  as  much  as  possible  of  tho 
liquid  into  the  filter,  and  let  it  all  pasa  through,  the  filtrate 
may  then  be  thrown  away.  No  attempt  must  be  made 
to  wash  either  fiask  or  precipitate. 

First  re-dissolving. — Remove  the  funnel  (detach  tho 
looped  glass),  and  place  it  in  tho  neck  of  tho  6ask  in 
which  the  precipitation  took  place.  Dissolve  the  precipi- 
tate in  boiling  hydrochloric  acid  contained  in  a  beaker, 
and  pour  round  the  edges  of  tho  paper  by  means  of  a 
glass  rod,  using  as  little  acid  as  possible.  Wash  the  paper 
alternately  with  a  little  hot  acid  and  cold  water  till  free 
from  iron  salt;  it  may  then  be  thrown  away.  Wash  into 
the  flask  any  splaahings  on  tho  stem  of  the  funnel,  and 
remove  the  latter.  Boil  tho  solution  till  the  scum  on  the 
sides  of  tho  fiask  is  dissolved  and  tho  liquid  a  clear  yellow. 

Repetition  of  above  operations, — Dilute  with  hot  water 
to  200  cc,  bring  nearly  to  boiling,  neutralize  the  dilute 
ammonia,  reduce  with  sulphurous  acid,  add  5  cc.  of  acetic 
acid  solution,  and  precipitate  with  ammonium  acetate 
exactly  as  before.  Filter  off  the  precipitate,  this  time 
washing  out  the  flask  with  hot  water,  slightly  wash  the 
precipitate,  and  allow  it  to  drain.  Place  the  funnel  inside 
a  20-oz.  beaker  on  a  glass  hanger,  and  dissolve  up  the 
precipitate  in  hydrochloric  acid  boiled  in  the  flask  in 
which  the  precipitation  took  place.  Well  rinse  out  the 
flask,  and  thoroughly  wash  the  filter-paper  as  before,  then 
remove  the  funnel  and  hanger. 

Evaporating  nenrhj  to  dryness. — To  the  contents  of  the 
beaker  add  2  (.hope  of  strong  nitric  acid  (to  fully  per- 
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oxidize  the  iron),  put  oa  the  cover,  and  buil  down  to  low 
bulk,  thoo,  removing  the  coverj  very  gently  evaporate 
aXmoBt  to  dryneta. 

Preapitaiintj  the  iron. — Tako  up  tho  moiBt  cryataU  of 
ferric  chloride  in  10  cc.  of  water,  and  wash  every  drop 
into  a  deep  3-in.  pktiDum  dish:  the  volume  of  the  liquid 
Bliouid  1)0  about  25  cc.  Kext  add  5  cc,  of  the  strong 
solution  of  Godic  hydrate,  thoroughly  but  quickly  stir  tho 
solution  with  a  glass  rod  (of  course  well  washiug  the 
latter),  pliicc  tho  dish  on  a  pipe-stem  triangle  on  the  hot 
plate,  cover  it  with  a  '1-in.  clock-glass,  and  maintain  at 
a  geutle  boil  for  15  minutes,    Remove  and  allow  to  cool. 

Filteriiv}  off  the  soiUc  almninate, — Pinch  up  tho  edges 
of  the  platinum  diah  so  as  to  form  a  temporary  spout, 
and  cautiously  pour  the  solution  and  precipitate  into  a 
60  CO.  flask,  into  which  every  trace  of  solution  must  be 
washed  out  of  the  dish  with  cold  water;  dilute  exactly 
to  tho  mark,  and  thoroughly  mix  the  contents  of  the  flask, 
then,  through  a  dry  double  filter  contained  in  a  2-in. 
funnel,  61ter  off  50  cc.  of  tho  clear  liquid. 

Precipilativg  of  the  aluminium, — Transfer  the  liquid 
from  the  50  cc.  flask  into  a  20-O3.  beaker  containing 
25  cc,  of  strong  MCI,  add  10  cc.  of  a  10^  solution  of 
sodium  phosphate,  bring  the  liquid  to  a  gentle  boil,  and 
then  little  by  little  add  (down  tho  lip  of  the  beaker,  the 
cover  being  kept  on)  dilute  ammonia  solution  till  the  acid 
is  neutralized,  a  white  gelatinous  precipitate  thrown 
down,  and  a  fninl  smell  of  ammonia  is  perceptible. 
Digest  the  contents  of  the  beaker  just  short  of  boiling 
till  the  precipitate  has  gathered  into  flocks  and  the  liquid 
is  clear.  Remove  the  beaker  from  the  plate  and  allow 
the  precipitate  to  settle. 

Mltering. — Pass  as  much  as  posaibleof  the  clear  liquid 


Lthrough  a  110  mm.  paper  contained  iu  a  2-iu.  lunnet, 

I  then,  with  the  aid  of  a  polJceiiian  and  the  wash-bottle  jet, 

bring  overj  particle  of  the  precipitate  on  to  tto  paper, 

and  thoToughlij  wash  the  filter  with  aliiioat  boiling  water 
■till  the  washings  fail  to  produce  the  slightest  opulosccnco 

I  when  added  to  a  dilute  solution  of  silver  nitrate  oontained 

[  in  a  test  tube. 

When  tho  precipitate  has  thoroughly  drained,  dry  it 
1  the  usual  mannor,  atrougly  ignite  in  a  tared  platinum 

I  crucible,  and  weigh  the  white  residue  wlion  cold  iu  the 
usual  manner.  Its  formula  is  approximately  i4/P0,,coii- 
taiaiag  22'2^  of  metallic  aluminium.  Calculate  tho  per- 
centage on  5  grammes  of  steel. 

Blank  determination, — It  is  highly  advisable  in  this  pro- 

'  cess  to  make  on  6  grammes  of  a  steel  free  from  alutjiinium 
%  determination  of  the  extraneous  motnl  present  in  the 

I  re-agenta  used  or  possibly  taken  up  during  the  analysis; 

I  the  weight  obtained  is  of  course  deducted  from  that  of 

I  the  precipitate  obtained  from  the  alnmiuiura  steel. 

Example  of  Oalculatioii. 
Feb.  9,  IS9). 
Crucible  cast  steel  ingut  No.  87  (to  which  was  iiilUcd  0-17o  Al) 
Weight  of  sLecl  taken,  6  grammes. 
Cniuible  +  ppt  =  2h'fi23(i 
Weight  of  cruoible  =  28H087 
0139 
Less  blank  =  "0027 

■0112  f;rmiimc  AiPO, 
■i'>-2 


■0197     say  0-OJ"/^  Al. 
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Cases  oj  Special  Steels. 


I 


High  silicon. — If  a  large  percentage  of  silicon  is  pre- 
sent, it  is  best  before  procoediDg  with  the  analysis  to 
evaporate  the  hydrochloric  acid  solution  of  the  steel  to 
dryuoaa;  take  up  in  HGI  and  filter  off  the  silica,  which 
would  otherwise  obscure  the  correct  neutralization  of  the 
solution.  When  reducing  the  filtrate,  it  is  advisable  to 
use  50  instead  of  25  cc.  of  80,,  solution,  because  more 
ferric  chloride  will  bo  present. 

Tungstim. — ^In  the  (.vise  of  tungsten  steels,  it  is  neces- 
sary to  add  to  the  preliminary  hydrochloric  acid  solution 
10  cc.  of  strong  nitric  acid,  evaporate  to  dryness,  bake 
well,  take  up  in  HOI,  and  filter  off  tlio  tuogatic  acid. 
Thia  is  most  speedily  and  conveniently  accomplished  by 
taking  originally  7'2  grammes  of  steel,  making  up  the 
solution  containing  the  tungsten  precipitate  to  90  cc.,  and 
filtering  off  75  cc.  which  will  contain  the  aluminium  in  6 
grammes  of  steel.  As  the  iron  in  solution  will  bo  totally 
in  the  ferric  condition,  at  least  100  cc.  of  sulphurons  acid 
will  be  required  to  perfectly  reduce  the  neutralized  yellow 
ferric  chloride  to  pale-green  ferrous  chloride.  J 


Theory  of  l/ie  Proce/s-i. 

After  the  neutralisation  there  is  present  a  mixture  of 
ferrous,  manganous,  aluminic,  and  ferric  chloride;  the 
last-named  (formed  by  the  action  of  the  air,  as  descnbod 
on  p.  68)   must  be  again  reduced  to  the  ferrous  state.  J 
This  is  effected  by  the  reaction  given  on  p.  I3G. 


I 


On  the  removal  of  tho  free  mineral  acids  by  the  addition 
ofBmuioniumacetate(seep.  137),  the  aluminium  is  thrown 
down  AS  tho  normal  phosphate  AlPOi,  which  is  insoluble 
in  dilnte  acetic  acid.  Tho  phosphoric  acid  present  (as 
phosphate  of  soda  and  a  little  phosphate  of  iron  from  the 
steel)  in  excess  of  tho  amount  required  by  the  aluminium, 
throws  down  some  ferrous  phosphate  Ftis{PO,),.,  and  the 
amount  of  iron  in  the  precipitate  is  also  increased  by  the 
atmospheric  oxidation  of  the  ferrous  acetate,  which  forms 
a  scnm  of  basic /em'c  acetate  insoluble  in  acetic  acid.  On 
the  second  precipitation,  however,  tho  solution  of  iron 
being  comparatively  very  dilute,  the  phosphate  of  alumina 
has  associated  with  it  a  much  smaller  quantity  of  iron. 
This,  however,  mast  bo  totally  separated  by  boiling  the 
concentrated  and  nearly  neutral  aolation  of  the  two 
metals  with  an  excess  of  caustic  soda.  Ferric  hydrate 
precipitated,  and  sodic  aluminatc  remains  in  solution, 
til  OS — 

FePO^  +  3  NaSO  =  Fe  {HO) «  +  Na^O, 

ZAIPO^  +  8  NaHO  =  {NaAl)^0,  +  2  Na.,POt  +  i  H^O 

The  solution  of  aluiiiinate  of  soda  in  excess  of  sodic 

hydrate   gives  no  precipitate  with  ammonia  till   it  has 

been  decomposed    with     escesi    of  hydrochloric    acid, 

thus— 

(,NaAl)jOt  +  8HCl  =  2  NnCl  +  2  AWt^  +  4  H,0 
le  alnmiuic  chloride  is  at  once   converted  by  the 
aodiani  phosphate  present  into  alumJnic  phosphate  (which 
dissolved  in  the  excess  of  acid)  thus — 
AlOl^  +  Na^PO^  =  3  NaOl  +  AlPO, 
tWhen  the   cxccsa   of  hydrochloric  acid   is  neutralised, 
forming  ^mG'',and  a  faint  excess  of  ammonia  substituted, 
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the  normal  phosphnte  of  alumina  is  precipitated  by  the 
excess  of  phosphoric  acid  presentj  in  the  absence  of 
sufficient  phosphoric  acid  a  basic  phosphate  Al^Pfi^f, 
similar  to  that  of  chromium  is  thrown  down,  but  it  ia 
leas  certain  in  composition  than  the  aalt  of  the  metal  last 
named. 

The  success  of  the  foregoing  method  depends  in  a 
great  measure  upon  having  the  phosphoric  acid  present 
only  slightly  in  excess  of  the  amount  required  theoretically 
to  precipitate  the  alaminium.  If  a  largo  excess  of  P^O^ 
is  in  the  solution,  so  much  ferrous  phosphate  is  carried 
down  with  the  aluminium  salt  as  to  render  the  process 
ainioat  impracticable.  The  method  can  of  course  be 
applied  to  steels  containing  high  percentage  of  ^/  (see 
analysis  of  forro-aluminium,  p.  28(i),  if  only  the  percentage 
of  the  latter  is  ruughly  known.  In  a  steel  works  the  analyst 
should  have  no  difficulty  in  ascertaining  the  maximum 
percentage  possible,  and  a  quantity  of  sodium  phosphate 
sufficient  to  precipitate  that  percentage  f<hould  be  added, 
calculated  on  the  much  smaller  weight  of  steel  employed. 
Unfortunately,  however,  some  works  managers  who  are 
unacquainted  with  analytical  chemistry,  are  possessed 
with  the  curious  idea  that  the  best  way  to  get  accurate 
reports  ia  to  keep  the  chemist  as  much  as  poasihle  in  the 
dark  concerning  tlie  calculated  composition  of  the  steels 
sent  up  to  the  laboratory. 

The  principle  of  taking  jjths  of  the  liquid  in  order 
to  avoid  a  tedious  and  in  this  ca^e  somewhat  dangernua 
washing  of  the  precipitate,  has  already  been  explained 
with  referoDco  to  the  estimation  of  manganese  on  p.  81. 
If  the  aluminium  in  6  grammes  of  steel  ia  contained  in 
a  volume  of  liquid  measuring  90  cc.,  then  the  metal  in 
5  grammes  of  steel  will  be  contained  in  jj  of  00  =  76  oo. 


i 


AiTEBNA'nvK  Mbthod. 
The  Process. 


Siatolving,  etc. — To  10  grammoa  of  the  drillings  in  a 
FSO-oz.  beaker  add  80  cc.  of  hydrochloric  acid  and  heat 
till  diaaolTed.    Dilute  with  water  and  filter  ofi"  silica,  eto., 
retaining  the  filtrate  and  washings  in  a  30-oz,  registered 
flask. 
L       ^Tgi  precipitation. — Dilate    to    aboat   300   cc,   add 
I  10  cc.  of  a  saturated  solution  of  aodiuin    phosphate  in 
r  water,  and  noutralizo  with  very  dilute  ammonia  or  with  a 
aolntion  of  ammonium  carbonate  until  a  alight  precipi- 
tate is  obtained.    Cautiously  dissolve  this  in  a  few  drops 
of  hydrochloric  acid,   and   add   aoveral  drops   more  in 
excess.    Now  add  2o  cc.  of  B.P.  acetic  acid,  from  5  to 
10  grammes  of  sodium  tbiosulphate  dissolved  in  water, 
6  cc.  of  ammonium  acetate,  and  boil  the  liquid  for  half 
an  hour,  or  until  the  escaping  steam  do  longer  smells  of 
sulphur  dioxide. 

MUration,  etc, — ^Collect  the  precipitate  on  a  pulp 
filter,  wash  well,  dry  and  ignite  at  a  low  red  heat  until 
the  filter  is  destroyed. 

Second  precipUation. — Brush  the  ignited  rosidno  into 
a  small  boaker  and  decompose  it  by  beating  with  10  cc, 
of  strong  hydrochloric  acid.  Dilute  with  water  and  pass 
the  solution  through  a  small  filter  paper  to  remove  silica, 
washing  thoroughly.  The  filtrate,  collected  in  a  small 
(10-oz.)  conical  flask,  is  diluted  to  about  100  cc,  sevenil 
drops  of  the  saturated  sodium  phosphate  solution 
added,  the  solution  cautiously   neutralized   as  above  L 
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1  carbonate,  and  the  re-precipitfttion  offectod 
by  means  of  10  cc.  of  acetic  acid  and  about  2  grammca 
of  sodiuTO  thiosalphate. 

Final fiUration,  etc. — After  boiling  wellj  the  precipitated 
aluminium  phosphate,  associated  with  sulphur,  ie  filtered 
o£F,  washed)  dried,  ignited,  and  weighed.  The  residue  is 
alumiaiam  or tho phosphate,  AlFO^,  and  it  contains  22*2 
per  cent,  of  aUiininiurn.  It  should  now  be  perfectly 
white. 


Theoiy  of  the  Process. 


The  precipitation  of  phosphates  of  ferric  iron,  and  of 
chrominm  and  aluminiam,  in  tho  presence  of  preponder- 
ating amonnta  of  ferrous  iron,  has  already  been  dealt 
with  in  connection  with  the  determination  of  phosphorns 
in  steel  by  tho  combined  method.  The  phosphates  of 
these  throe  bases  are  precipitnted  without  serious  con- 
tamination with  ferrous  phosphate  from  solutions  con- 
taining free  but  weak  acid,  such  as  acetic  acid. 

The  original  solution  of  the  steel  in  excess  of  hydro- 
chloric acid  provides  a  solution  containing  the  aluminium 
ae  a  chloride,  and  most  of  the  iron  in  tho  form  of  ferrous 
chloride.  Tho  soluLion  contains  a  sufficient  excess  of  free 
strong  acid  to  prevent  a  precipitation  of  aluminium  phos- 
phate on  tho  addition  of  the  sodium  phosphate  solution, 
but,  on  neutralizing,  this  substance  separates  out.  On 
taking  it  into  solution  again  with  acid,  the  original  con- 
ditions are  reverted  to,  except  that  now  the  amount  of 
strong  acid  is  very  small.  The  addition  of  sodium  thio- 
sulphatc  decomposes  this  excess  of  acid,  and  at  tho  same 
time  liberates  sulphur  dioxide,  the  latter  maintaining  the 
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iron,  which  would  by  the  prolonged  boiling  bo  partially 
oxidized,  in  the  forroua  condition.  This  is  an  important 
point,  beoanse  the  oxidation  of  the  iron  would  result  in 
the  contamination  of  the  precipitated  phosphate  of  alu- 
minium with  unnecesaarily  large  amounts  of  ferric 
phosphate.  These  reactions  are  set  forth  in  the  following 
equations : 

Na^S^O^  +  2B0l  =  2  NaCl  +  H.,0  +  S0._  +  8 
FejOk  +  SO^  +  2  mp  -  2  FeCl,  +  S.^0^  +  2  HGV 
It  fa  neceesarj  to  again  state  the  fact  that  the  above 
operations  have  for  their  object  the  proviaion  of  a  solu- 
tion containing  the  whole  of  the  iron  in  the  ferrous 
condition,  and  a  degree  of  acidity  sufficient  to  prevent 
the  formation  of  ferrous  phosphate,  whiUt^the  phosphate 
of  aiumininm  (and  of  chromium  and  ferric  iron),  being 
completely  insoluble  in  weak  acida,  such  as  acetic  ivcid, 
separate  out. 

AlGl;  +  NaMFOt  =  AlFO,  +  3  NaCl  +  SCI. 
The  second  precipitation,  after  removal  of  the  silica 
introduced  by  the  first,  is  practically  a  repetition  of  the 
first,  and  has  for  its  object  the  removal  of  traces  of  iron 
nnavoidably  carried  down  by  an  operation  involving  the 
separation  of  a  few  milligrain mea  of  aluminium  from 
nearly  10,000  milligrammes  of  iron. 

Notes. 

In  ordinary  steels,  the  only  element  which  interferes 
with  the  above  process  is  copper.    This  metal  can  be 

'  Tlie  Diiiieral  add  genorftted  by  this  reaction  U  accounted  fur  bj 
the  exceas  of  Eodium  tliioiiulphatc,  and  hy  this 
■dd«d. 
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removed  from  tho  preliminary  acid  Bolution  of  the 
driUingB  by  passing  a  washed  current  of  salphuretted 
hydrogen  through  it.  After  filtering  out  the  copper 
sulphide  the  excess  of  sulphuretted  hydrogen  is  expelled 
by  boiling,  and  the  process  carried  forward  as  usual. 
Ab  an  alternative,  the  following  procedure  may  be 
adopted.  After  the  first  ignition  of  the  impure  phos- 
phate of  aluminium,  dissolve  as  before  in  hydrochloric 
acid,  filter  out  the  silica,  wash  well,  and  to  the  filtrate 
and  washings  add  dilute  ammonia  to  alkalinity.  Allow 
the  precipitated  phosphates  of  iron  and  aluminium  to 
flock  out  and  filter  them  off  from  the  blue  liquid  contain- 
ing the  copper  in  solution.  The  precipitate  is  again 
dissolved  in  acid,  and  tho  separation  of  tho  aluminium 
from  the  iron  carried  out  by  a  repetition  of  the  thiosnl- 
phate  precipitation  exactly  as  deticribed. 

Steels  containing  chromium  yield  a  mixture  of  chro- 
mium and  aluminium  phosphates,  no  matter  how  many 
timea  the  precipitation  is  repeated.  This  case  has  already 
been  dealt  with  on  page  178.  The  following  method  of 
separating  these  metals  also  answers  well.  Fuse  the 
ignited  residue  with  four  times  its  weight  of  sodium 
carbonate  containing  a  few  milligrammeB  of  sodium  per- 
oxide, disBolvo  out  with  water,  add  dilute  hydrochloric 
acid  until  acid,  two  or  three  drops  of  the  sodium  phos- 
phate solution,  and  then  10  cc.  of  ammonium  acetate. 
The  chromium  remains  in  solution  as  eodium  chromate, 
and  is  thus  removed  from  the  precipitated  aluminium 
phosphate. 


ETBic  Determination  of  CoPi'KU  {An 
(Time  occupiud,  about  3  hoars.) 
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Re-aijents  required. 

Standard  gohttion  of  "  Hypo." — Powder  and  dry  (by 
pressing  tho  spread-out  salt  betwoen  filter- paper)  a 
few  grammea  of  moiat  crystals  of  pure  aodinm  hypo- 
sulphite (thioeulphato)  Na,S.p^,hHp.  Weigh  out  3-938 
grammes  of  tho  salt  into  a  Htre  flask,  and  dissolve  in  a 
few  hundred  cc.  of  cold  distilled  water,  dilate  to  the 
mark,  and  thoroughly  mix  tho  liquid.  The  standard 
Bolution  thus  prepared  should  be  preserved  in  tho  dark, 
otherwise  it  is  liable  to  decompose  with  precipitation  of 
anlphar.  It  ia  advisable  to  frequently  make  up  a  new 
Bolntion, 

Starch  solution. — Make  about  one  gramme  of  wheat  or 
arrowroot  starch  into  a  thin  paste  with  5  cc.  of  water. 
Boil  in  a  20-ob.  beaker  about  100  cc.  of  distilled  water. 
Remove  it  from  the  plate  and  pour  into  the  hot  water 
the  5  cc.  of  cold  starch  cream.  Well  mix  the  emulsion 
by  shaking  the  beaker  round,  and  Jilter  off  a  portion  of 
tho  clear  liquid  for  use.  This  re-agent  must  be  freshly 
made  for  each  set  of  estimations. 

Potaseic  iodide  free  from  iodaie, — To  prove  the  freedom 
of  the  iodide  (A'/)  from  iodato  {KIO^,  dissolve  a  crystal 
in  a  teat  tube  containing  10  cc.  of  water;  add  1  cc.  of 
starch  li<[Uor,  and  theu  a  few  drops  of  acetic  acid.  No 
blue  coloration  should  be  developed. 

Solntion  of  sodium  carbonate, — Saturate  250  cc.  of  cold 
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water  with  pure  Na./jO.^,   filter  for   use,  aud  store  in 
green  glasB  bottle  fitted  with  an  india-rubber  stopper. 

Electrotype  copper. — Polish  some  electro- deposited 
copper-foil  with  fine  emery-cloth,  and  cut  it  up  with  a 
pail'  of  scissors  into  conveniently  small  pieces. 


1 
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Standardizhig  tlie  "  Hypo  "  Solution.  m 

Staruiarii  copper  solution. — Weigh  out  exactly  one 
gramme  of  the  pure  copper  into  a  20-oz,  beaker,  put  on 
the  covor,  and  add  cautiously  10  cc.  of  nitric  acid,  sp.  gr. 
r20.  Heat  gently  to  boiling  on  the  hot  plate,  and  when 
the  metal  has  all  dissolved  remove  the  cover,  rinsing 
any  splashiDgs  on  it  and  the  aides  of  the  beaker  into  tbo 
solution.  Next  very  quietly  evaporate  to  low  bulk  till 
cupric  nitrate  begins  to  crystallize  out.  Add  50  cc.  of 
water,  and  dissolve  up  every  particle  of  the  separated 
salt,  and  then  without  loss  transfer  the  blue  bquid 
to  a  litre  tlask.  When  cold  dilute  to  the  mark,  and 
thoroughly  mix  the  solution.  Keep  in  a  stoppered  bottle 
labelled — "  Ou^NOs)^.  50  cc.  =  0'05  gramme  of  metallio 
copper." 

Titrating. — Prom  a  pipette  deliver  exactly  60  cc.  of  the 
standard  Ou  solution  into  a  20-oz.  beaker.  Put  on  the 
covor,  and  little  by  little,  constantly  shaking  round  the 
beaker,  add  down  the  lip  the  strong  solution  of  sodium 
carbonate  till  no  further  evolution  of  CO.^  is  noticed,  and 
the  copper  is  all  thrown  down  as  a  pale-bluo  precipitate. 
Every  trace  of  this  is  next  dissolved  up  by  gently  boiling 
with  a  slight  excess  of  dilute  acetic  acid.  Thoroughly 
cool  the  liquid,  and  add  about  two  grammes  of  potassium 
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iodide  crystals,  and  shake  round  the  beaker  till  they  have 
disBolved,     Fill  up  a  60  cc,  burette  with  the  "  hypo" 

Bolntionj  and  set  the  meniscua  at  zero.  Then  run  the 
thiosulphate  into  the  copper  solution  till  the  brown  tint 
of  the  dissolved  iodine  has  become  much  fainter;  tliis 
nhould  happen  when  about  45  cc.  have  been  run  in.  Then 
add  2  cc.  of  clear  strong  starch  liquor,  when  a  dark-blue 
colour  will  bo  produced.  Cautiously  continue  the  addition 
of  the  "  hypo  "  half  a  co.,  and  finally  a  few  drops  nt  a  time, 
continually  shaking  round  the  contents  of  the  boaker  till 
the  blue  colour  has  been  totally  discharged.  It  should 
not  reappear  on  the  solution  standing  for  a  few  minutes, 
The  end  of  the  reaction  requires  a  little  experience  for  its 
correct  determination.  It  ia  best  decided  by  noting  when 
a  few  drops  of  liquid  from  the  bnretto  no  longer  produce 
a  lighter  patch  or  streaks  in  the  sarrounding  liquid,  which 
has  for  a  background  a  precipitate  of  yellowish -white 
cuprons  iodide  Cul.  If  the  solution  of  "hypo"  is  of  correct 
strength,  just  50  cc.  should  be  required  to  discharge  the 
colour  of  the  iodide  of  starch.  If  the  standard  liquid  is 
not  exactly  right,  the  student  should  have  no  difficulty  ia 
correcting  it  either  for  strength  or  weakness  after  referring 
to  the  examples  given  for  adjusting  the  standard  solution 
of  K^OrMj  on  p,  89.  The  above  titration  must  never 
be  made  when  fumes  of  bromine  vapour  or  of  aqua 
regia  (chlorine)  are  present  in  the  air  of  the  laboratory, 
because  these  olements  at  onco  liberate  free  iodine  from  a 
solution  ofKl,  and  thus  render  the  accurate  determination 
of  tho  final  point  almost  impossible.  Nitrons  acid  and  the 
nitrites  must  also  be  avoided  in  the  reagents  used. 
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T/w  Process /or  Strrl. 


Weight  taken. — Weight  out  10  graminea  of  drilHngB 
into  a  covered  20-oz.  beaker.  J 

Diaeolvinij . — Add  60  cc.  of  strong  hydrochloric  aoid.ll 
When  the  reaction  baa  somowhiit  Bubsided,  quietly  heat  on 
the  plate  till  tho  steel  has  dissolved^  and  then  boil  the 
solution  till  most  of  the  acid  hna  been  di-ivon  otf,  and 
crystals  of  ferrous  chloride  have  commonced  to  separate, 
making  the  solution  thick.  Then  cautiously  add  down 
ttie  lip  of  tho  beaker  300  cc,  of  warm  water,  and  heat  if 
necessary  till  the  whole  of  the  separated  ferrous  chloride 
has  re-dissolved ;  then  remove  from  tho  plate.  During 
this  disBolntion  the  cover  should  not  be  taken  off. 

Prpcipitafing  the  cop;) er.— Next,  by  means  of  a  glass 
tube  about  9  in.  long  (inserted  under  the  cover  down  the 
lip  of  the  beaker),  pasa  through  tho  solution  for  teu 
minutes  a  brisk  current  of  washed  IL8  gas  (from  a  Kipp's 
apparatus  well  charged  with  Fef^  and  slightly  diluted  HGl 
solution),  when  tho  dark  precipitate  should  havo  Socked 
out,  leaving  a  clear  pale-green  liquid  somewhat  opalescent 
with  finely-divided  sulphur.  Detach  the  glass  tube  (from 
the  india-rubber  tubing  of  tho  washing  cylinder)  and  leave 
it  in  the  beaker. 

Filtering. — When  tho  precipitate  has  somewhat  settled, 
guide  tho  clear  liquid  by  means  of  tho  tube  into  a  110 
mm.  pure  filter  contained  in  a  2]-in.  ribbed  funnel  sup- 
ported in  a  conical  beaker.  When  moat  of  the  filtrate  has 
passed  through  the  filter,  throw  on  tho  dark  CuS  (mixed 
with  aulphnr,  FeS,  etc.),  and  rinse  the  beakor  and  tube 
free  from  every  traco  of  iron  solution,  but  do  not  attempt 
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to  detach  any  strongly  adhering  precipitate  from  either. 
Leave  the  tube  in  the  beaker,  and  well  wash  the  paper 
and  sulphide  of  copper  till  free  from  iron  salt  with  cold 
water  containing  some  H^S  and  5  cc,  of  strong  EOl  solu- 
tion per  100  of  water.  Finally  wash  once  with  cold  water. 
Dissolving  up  the  j^rnclpitatn. — Wash  the  funnel  free 
from  any  splaahings  of  ferroug  chloride  solution,  and  sup- 
port it  inside  the  beaker  in  which  the  precipitation  took 
place  on  a  glass  hanger.  Cautiously  treat  the  61ter  with 
hot  1'20  nitric  acid  to  dissolve  up  the  precipitate,  using 
RS  little  acid  as  possible.  It  almost  invariably  happens 
that  some  crusts  of  stdphur,  black  with  inti'rmixed  sul- 
phides, remain  insoluble.  These,  after  the  lilter  has  been 
vrell  washed  with  hot  water,  mast  be  added  to  the  copper 
solution  by  spreading  out  the  paper  on  a  beaker  cover, 
and  detaching  them  with  the  aid  of  a  fine  jet  of  water. 

Separntiiig  ro-predpitaled  iron. — Boil  the  nitric  acid 
solution  in  a  covered  beaker  till  tho  crusti  of  sulphur  are 
yellow ;  then  add  cautiously  dilute  ammonia  till  the  acid 
is  neutralized,  and  the  deep  blue  liquid  has  a  distinct 
smell  of  the  alkali.  Boil  for  two  or  three  minutes,  and 
filter  off  the  copper  solution  into  a  clean  20-oz.  beaker, 
collecting  the  precipitated  Fi.\{HO)a,  SiO.^,  sulphur,  etc., 
in  a  2-in,  funnel  containing  a  90  mm.  pure  paper.  The 
latter  must  be  well  washed  with  hot  water,  using,  how- 
ever, as  tittle  as  possible. 

Oonvereion  of  the  copper  into  acetate. — To  the  covered 
beaker  containing  the  ammonio-copper  solution,  add  a  few 
drops  of  strong  nitric  acid,  till  the  deep  blue  of  the  liquid 
is  changed  to  a  pale  greeniah-blue  tint,  then  boil  down  to 
aboat  10  cc.  Next  add,  a  few  drops  at  a  time,  the  strong 
solution  of  sodium  carbonate  till  the  deep  azure  blue 
colour  is  permanently  reproduced.     Then  add,  drop  by 
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drop,  acetic  acid  till  it  ia  again  discharged,  being  replaced 
by  a  mucli  paler  blue.  Remove  the  beaker  from  the 
plate,  and  place  it  in  a  bath  of  cold  water  till  the  contents 
are  cool. 

TiiraUng  the  copper. — Next  add  to  the  cold  liquid,  the 
bulk  of  which  should  not  exceed  25  cc,  about  2  grammes 
of  potassic  iodide  and  titrate  with  hypo  and  starch  liquor, 
exactly  in  the  manner  already  described  for  checking  the 
standard,  only  of  course  in  the  present  case,  the  amount  of 
copper  being  unknown,  great  care  must  be  exorcised  in 
watching  the  yellowness  of  the  solution  so  as  not  to  over- 
shoot tho  mark  before  adding  the  starch.  The  latter 
could  bo  put  into  the  solution  immediately  after  the  dis- 
solution of  tho  iodide,  but  would  thon  precipitate  tho 
iodine  in  flocks  of  iodido  of  starch,  which  are  not  so 
readily  acted  upon  by  the  tbiosulphato  as  when  in  solution, 
which  condition  ia  cnsurfd  when  only  traces  of  iodine  are 
left  at  the  time  tho  starch  is  added. 

Each  cc,  of  hypo  used  equals  0"01  /^  Ou  on  10  grammes 
of  steel.  Thus,  if  the  reaction  wero  finished  when  9cc. 
had  boon  run  in,  the  copper  present  =  0'09%  ;  if  27  co. 
were  required  tho  copper  =  0-27%.  If  tho  whole  50  cc. 
failed  to  discharge  the  colour  of  the  starch  solution,  more 
than  0"5  %  Ou  was  present  in  the  steel.  Such,  however, 
will  never  be  the  case  in  ordinary  steels.  When  an  ex- 
perimental steel  containing  over  O'o  but  under  1%  of 
copper  has  to  be  dealt  with,  take  for  the  assay  only  5 
grammes  of  steel,  when  each  cc.  required  will  equal 
0"02  or  50  cc.  —  \%  Ou.  It  is  also  easy  to  adjust  the 
strength  of  the  thiosnlphate  solution  to  take  any  percent- 
age of  copper ;  the  basi»  of  the  above  process  having 
been  originally  devised  for  tho  analysis  of  copper  i 
by  Mr.  K.  O.  Brown. 


Determination  of  Copper  in  Tungsten  Steel. 

la  the  case  of  tungsten  steel,  proceed  to  obtain  the  acid 
ferrous  solution  (from  which  to  precipitate  the  OiiS)  free 
from  this  element  in  the  manner  described  in  the  article 
on  tho  estimation  of  aluminium  on  p.  204. 


T}ieoretical  Considerations. 

The  reactions  taking  place  in  titrating  the  standard 
copper  Bolntion  will  be  first  considered,     On  adding  the 

jra.COg8olution  to  that  containing  the  nitrate  of  copper  in 
which  is  a  little  free  nitric  acid,  CO.^  is  evolved,  and  sodium 
nitrate  NaNO,,  is  formed  as  the  result  of  the  neutralization 
L  of  the  acid.  The  excess  of  sodium  carbonate  then  pre- 
cipitates basic  carbonate  of  copper  (OuCO|,(7u( HO )«).  On 
the  addition  of  an  excess  of  acetic  acid,  tlie  surplus  sodium 
carbonate  is  converted  into  sodinm  acetate  Na(^0^-,O^), 
and  the  copper  precipitate  is  dissolved  up,  forming  cuprio 
acetate  Ou{0^_H,p.,%  with  evolution  of  CO.,. 

The  reactions  occurring  in  the  case  of  steel  will  now  be 
dealt  with.  On  dissolving  up  the  drillings,  the  finely- 
divided  copper  diffused  throughout  tho  mass  of  the  iron  is 
attacked  by  the  hydrochloric  acid  with  formation  of  cupric 
chloride.  OuOU. 

The  copper  in  tho  hydrochloric  acid  solution  is  separated 
from  the  soluble  iron  by  tho  if;>iS  asa  dark-brown  sulphide 
insoluble  in  dilute  acids,  thus: 

OuOl,  +  H.^  =  GuS  +  2  HCl 
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By  an  analogoas  reaction  the  sulphide  of  copper  ia  con- 
taminated with  a  small  quantity  of  co -precipitated  Fe3. 
On  dissolving  np  the  sulphides  in  nitric  acid,  they  are 
oxidized  by  a  complex  reaction  to  cupric  sulphate  Ou80^ 
and  ferric  sulphate  ^^.(SOj),. 

On  adding  an  excess  of  ammonia  to  the  nitric  acid 
solution, tho  acid  ia  neutralized  with  formation  of  ammonic 
nitrate  AmNO^,  ferric  hydrate  fk.{nO)„  ia  precipitated, 
whilst  the  copper  remains  diasolved  in  the  exceaa  of 
ammonia  as  a  compound  poasesaing  the  formula  {CuSO^, 
4  NH.,).  On  acidifying  the  liquid  with  nitric  acid,  the  last- 
named  substance  ia  decomposed  into  a  mixture  of  copper 
anlphate  and  ammonium  nitrate,  but  it  is  again  formed  on 
the  addition  of  excess  of  sodium  carbonate,  owing  to  the 
liberation  of  free  ammonia  from  the  ammonium  nitrate, 
thus: 

Na^CO^  +  2  A  mNO:^  -  2  JVfl  NO-,,  +  CO,  +  2  NH^  +  H.jO 

On  acidulating  with  acetic  acid,  the  ammonio-cupric 
compound  is  again  decomposed  with  formation  of  cupric 
flicetate  and  ammonium  acetate  and  sulphate,  thus : 

(OttSO,,  4NSs)  +4  0^H^O^  =  AnL.3O^+  2Am{GM^0.)  + 

The  following  reactions  are  common  to  the  c-aaes  of  the 
atandard  and  the  steel.  On  the  addition  of  potatisium 
iodide  to  the  acotic  acid  solution  of  cupric  acetate,  the 
following  changes  take  place: 

Cu{CM^0.%  +  2  KI=  /+  CuV  -1-  2  K[G^Ep^ 

Cupric  acetate  and  potassic  iodide  yield  free  iodine 

Tlieorctii'iJIy  tht  ciiiiiilionB  require  ilimblhig,  Imt  for  Hiniplioily 
nrv  exprcssc!  in  tlieir  lowest  terms;  tlie  noluat  cntnponiiilB  are 
f«,/,  nncl  N„.^S,0„. 
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(which  remiiins  dissolved  in  the  excess  of  KI  added), 
coprons  iodide  {a  soiled  white  precipitate),  and  aolnble 
scetate  of  potaBsinm, 

On   running  in  tho  solution  of  thiosulphate  to  that 
containing  the  iodine,  the  following  reaction  ensnes  : 
Na„8.fi.j  +  7  =  NaSM.^^  +  NaT 

Sodium  thiosulphate  and  iodine  yield  sodium  tetiathio- 
nate  and  sodium  iodide. 

The  starch  indicator  owes  its  colour  to  tho  formation  of 
blue  iodide  of  starch,  a  compound  readily  robbed  of  its 
iodine  by  hypo.  It  therefore  only  retains  its  tint  aa  long 
as  any  free  iodine  is  present,  and  consequently  aa  soon  aa 
the  latter  is  converted  into  the  sodium  salt  the  colour 
disappears. 

On  studying  the  above  reactions,  it  will  be  seen  that, 

firstly,  each  atom   of  copper  weighing  63  liberates  its 

equivalent  of  one  atom  of  iodine,  weighing   127;   and 

secondly,  that  each   molecule  of  thiosulphate,  weighing 

248,"  converts  one  atom  of  iodine  into  iodide  of  sodium  : 

therefore  248  parts   of  the  hydrated  thiosulphate  con-e- 

spond  to  63 "  parts  of  metallic  copper.    But  in  50  eo.  of 

the  standard  solution  we  have  0'10C9  gramme  (^^^^) 

of  hypo. 

Then  if  248  parts  of  hypo  =  C3  parts  Cu 

0-1969       „  „       =^-  „ 

0-1969x63 

0'05  gramme  Cu 


Or  I  CO. 


248 
=  0'001   gramme  Om  = 


0-01%  of  10  I 


See  note  on  previous  page. 
*  The  original  tail  contnbcd  live  molecules  of  water,  weigliing  90 
'  The  atomic  weights  have  licen  token  in  ruumi  numbers,  which  ir 
p  preseiil  cnae  are  suffii'ienlly  ai'uirotp. 
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It  is  of  great  importance  to  separate  the  small  quantity 
of  iron  precipitated  with  the  copper,  because  ferric  salts 
liberate  iodine  from  potassic  iodide,  and  their  preaence 
would  therefore  cause  the  result  to  come  out  higher  than 
the  truth. 

In  the  preliminary  solution  of  the  steel  the  cover  should 
not  be  removed  from  the  beaker,  bo  as  to  prevent  as  far 
as  possible  atmospheric  oxidation  of  FoCU  to  FeGl^  (see 
p.  68),  If  much  of  the  latter  salt  be  present,  a  large 
quantity  of  sulphur  ia  thrown  down  with  the  OtiS  by  the 
reaction  formulnted  in  the  following  equation: 

2  FfOl,  +  H^S  =  2  FeOh  +  2  SCI +8  M 


GrAVIMETUK.'    DETERMINATrON   OP    CoFI'EK. 


iupied,  I ,',  hours.) 


The  Process. 


DisnoJvIn-j,  etc. — To  5  grammes  of  the  drillings,  con- 
tained in  ft  2U-0Z.  beaker  add  a  previously-made  mixturo 
of  20  cc.  strong  sulphuric  acid  with  100  cc.  of  water,  and 
heat  quietly  on  the  plate  till  the  drillings  are  completely 
decomposed.  Dilute  with  hot  water  to  ft  volume  of 
350  cc.  and  then  add  a  solution  of  10  grammes  of 
sodium  thiosulphato  in  about  30  cc.  of  hot  water.  The 
whole  mixture  is  then  boiled  until  the  liquid  ia  almost 
clear. 

ifl^ltration. — The  residue  is  filtered  off  through  pulp 
and  tn^roughly  washed  with  hot  water,  dried,  ignited  at 
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a  low  temperature  in  a  porcolaiii  crucible  atuf  weighed. 
It  contains  the  copperas  amixCuruufcupricoxiilB  (OitO) 
with  cuprous  sulphide  (Ou..6'),  and  impurities  in  the  form 
of  silica  and  ferric  oxide. 

Ee-precipttatioti,  etc. — Brash  the  ignited  residue  into 
a  small  beaker,  add  10  cc.  of  hydrochloric  acid  aud  digest 
in  order  to  decompose  the  copper  compounds.  To  the 
solution,  after  dilation  with  an  equal  volume  of  water,  add 
dilute  ammonia  to  pronounced  alkalinity  and  again  filter 
off.  Wash,  dry,  ignite  and  weigh  as  before.  The  residue 
contains  the  impurities  of  the  original  precipitate,  and 
the  difference  between  the  two  weighings  represents  the 
1  the  ammoniacal  filtrate.  This  difference,  multi- 
.  plied  by  0'79S,  gives  the  copper  iu  the  5  grammes  of 
^  Bteel. 

ZUrecl    dcterminaHon    of  the   copper. — As   a  valuable 
\  check  on  the  result  obtained  by  the  preceding  treatment, 
the  ammoniacal  filtrate  can  be  treated  exactly  as  described 
under  the  preceding  method.  That  is  to  say,  it  is  acidified 
with  nitric  acid,  treated  with  excess  of  sodium  carbonate, 
I  re-acidified  witli  acetic  acid,  the  Cfh  expelled,  the  solu- 
I  tion    cooled    and    the  copper    determined    after   adding 
[  potassium  iodide  by  titration  with  the  standardized  solu- 
tion of  sodium  thiosulphate, 


I 


T/ieory  of  tlie  Process. 

Dilute  sulphuric  acid  leaves  most  of  the  copper  in  steel 
in  the  metallic  form  when  the  metal  ia  opened  out,  the 
iron  of  course  passing  into  solution  as  ferrous  sulphate. 
The  traces  of  copper  which  may  have  passed  into  solution 
are  precipitated  by  the  addition  of  sodium  thiosulphate. 


A  sparingly  soluble  cnpric  thioBulphate  ia  first  formed  | 
and  this  disBolves  ta  excess  of  the  thiosulphato  forming   ' 
a  double  thioaulphate  of  sodium    and  copper.    In  acid 
solution   both  these  compounds  quickly  decompose  on 
boiling  with  formation  of  free  sulphuric  acid  and  precipita- 
tion of  sulphur  and  the  sulphide  of  copper, 

GvSO,  +  Na..8iOs  =  Gu3,0,  +  Na^O, 
2  CvS./)^  +  2  ko  =  Ou,S  +  2  fljSO,  +  8 
Tho  sulphur  thus  formed  is  augmented  by  the  decomposi- 
tion of  Bomo  of  tho  precipitant  by  the  excess  of  sulphurio  I 
iu;id  present. 

Na^S.Pi  +  II^SO^  =  Na^SO,  +  HX>  +  S0..-\-8 
Tho   boiling  after  adding  tho  thiosulphato  haatens  both  I 
these  changes  and  at  the  same  timo  causes  the  precipi- 
tated sutphnr  which  at  first  imparts  a  milkiness  to  the  | 
solution  to  collect  together  in  a  gi-anular  form.    This  is 
filtorod    o8'  with    tho   metallic   copper   and   the   cuprous 
sulphide,  and  ignition   removes  it  as  sulphur  dioxide. 
The  percentage  of  copper  in  Gu,0,  formed  by  the  oxidation   , 
of  the  metallic  copper  in  the  muffle,  is  the  same  as  i 
C«aS,  viz.,  79-8. 


Dktebmination  op  littiN   (Penny). 
Re-agents  required. 

Staiufanl  tohiUon  of  JLCrM,. — Weigh  out  into  a  clean, 
dij  lO-oz.  beaker  exactly  4 '333  grammes  of  pure,  dry, 
yfl—^iJ  eiTBtals  of  potassium  bichromate.    Dissolve  the  I 
^tisabcnl^Occ.  of  hot  wuter;  when  cold,  transfer  the  | 
■knnlo&liMflaAkjthoroughly  washing ont  the  beaker. 


make  up  tbei  liquid  to  the  mark,  and  thoroughly  mix  the 
aolution  by  repeatedly  inverting  the  stopperml  flask.  Keep 
in  a  we  11- stoppered  bottle  labelled — "  K^OrMj  1  cc.  =  1^ 
Fo  OD  0*5  gramme."  Standardize  and  adjust  the  solution 
iu  accordance  with  the  directioua  given  on  pp.  88,  89. 
0'50I  gramme  of  the  standard  iron  should  require  e.xactly 
100  cc.  of  bichromate. 


Tfu:  Process. 
(Time  occupied,  about  1  hour.) 


I 

^B  Weight  taken, — Weigh  out  iuto  a  clean,  dry  10-oi 
^Bbxactly  0*5  gramme  of  the  steol  drillings. 
^M  Sissolviny. — Add  to  the  motal  25  cc,  strong  IIOl  mixed 
^■irith  15  cc.  of  water,  cover  the  flaak  with  a  watoh-glass, 
and  gt'ntly  heat  the  liquid  to  boiling  till  the  iron  haa  die- 
aulved,  and  only  some  black  Socks  of  carbonaceuua  matter 


i.  flask 


I     bet 


Oxidizing  thu  organic  matter. — RinsQ  the  watch-glaas 

th  a  little  hot  water,  and  add  in  three  portions  about  3 
grammes  of  chlorate  of  potash  crystals,  boiling  the  liquid 
between  each  addition,  and  especially  after  adding  the 

It  gramme  of  salt. 

Neutraliziiig.  — The  acid  aolution  of  perchloride  of  iron 

next  neutralized  with  dilute  ammonia  (half  880,  half 
water)  added  tittle  by  little,  the  liquid  being  well  shaken 
between  each  addition,  till  a  slight  permanent  precipitate 

obtained. 

Reducing. — Pour  down  the  sides  of  tho  flask  about 
"•£5  cc.  of  a  saturated  solution  of  sulphurous  acid,  and 
triakly  boil  the  liquid  till  every  trace  of  80,  has  been 


I  feint,  sea-green  colour, 

VHrtOiiiff. — A^  to  the  solution  10  co.  of  dilute  sul-   : 
liJiorio  RCid :  li>c  m>B  is  ifetMi  (Jphtrtninod  hy  Lbe  standard   , 
Milat40n  of  A.tV,(X,   with  »  dilute  solution  of  potassic 
fetriryuudo  *s  iiidic»tor,  in  the  manner  folly  deBcribed 
on  pp.  S3,  89.    Kadi  cc.  required  =  1%  ^.   Example: 

0'5  gnmnie   of  a  Bossomer   spring    steel   required 
[  9S*3  oe.   of  tlis    staadard    liquid:    therefore    tho 


T^^reticat  Considerations. 

I  bv^a  alrt^d}-  dealt  with  on  p.  8'J;  the 
rtn^  uiontiou  is  the  fiict,  that  in  sti^el 
yupprociable  pi'rcentago  of  carbon  it  would 
Ml  W  mJ^  to  di&solvo  tho  drillings  in  dilute  sulphuric 
MWl  Mid  dinotly  titrate  the  solution,  because  the  solid, 
Hwi'twl  cwrbuaaceous  matter  which  has  oscapod  evolu- 
fc  ift  kkv  form  of  hydrocarbons  lias  a  slight  but  distinct 
(  afiticin  upon  tho  bichromate  solution,  and  would 
I  tlie  result  registered  to  bo  somewhat 
iki^^.  Tbo  organic  matter  is  decomposed  by  tho  mix- 
fauv  ^>1'  vhlorino  and  chlorine  perosido  evolved  from  ths 
oblonto  of  potasli  and  HOI;  but  at  the  same  time,  the 
iiva  is  oxidia^<d  to  the  ferric  stale,  benoe  the  necessity 
for  iixtuoiu^  ihe  nearly  neutral  liquid  with  sulphurous 
iwid  to  tho  forrous  state  (see  p.  130).  It  is  not  often 
atKxitMU'y  to  directly  determine  the  iron  in  stool,  tho 
[Dulikl  being  u«u»lly  taken  by  diiferonce.  In  certain 
cwMM,  liowover,  it  may  bo  important  to  directly  check 
&  ))0K4>uta^i  pruseut  when  making  a  complete  analysis. 
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u  ordor  to  ensure  that  no  apprcdahlo  percentage  of  any 
'  nneetiniated  element  has  been  ovorlookod. 

In  estimating  iron  it  is  important  to  bear  in  mind  the 
fact,  that  in  Bolutions  of  porchlorido,  from  which  a  violent 
evolution  of  gas  is  proceeding,  loss  of  iron  may  possibly 
occur  during  brisk  boiling,  on  account  of  the  volatiliza- 
tion of  some  ferric  chloride  with  the  gas. 
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Detebmination  of  Molvbpekdm  (Ibbotson  and 
Brearley  '}. 

(Time  occupied,  2  hourB.) 
The  Process, 


Dissolving,  etc. — Two  grammes  of  drillings  are  weighed 
out,  placed  in  a  small  couical  flask  of  10-oz.  capacity  and 
covered  with  20  cc,  of  strong  hydrochloric  acid,  When 
the  steel  has  nearly  dissolved,  the  iron  ia  oxidized  by  the 
addition  of  a  few  drops  of  strong  nitric  acid,  and  the 
aolution  boiled  vigorously  for  a  few  minutes  to  expel 
nitruuB  fumea.  If  the  solution  is  perfectly  clear,  proceed 
to  the  next  opomtion;  if,  however,  any  solid  matter  ia 
perceptible,  filter  this  of!'  through  a  small  pulp  Alter, 
washing  once  only. 

Separation  of  the  iron. — The  clear  solution  is  trans- 
ferred completoly  to  a  tap  funnel  clamped  above  a  beaker 
or  flaak  containing  about  Hi  grammes  of  pure  caustic 
aodft  dissolved  in  250  to  300  cc.  of  water.  This  latter 
aolution  should  be  hot,  and  iu  it  is  placed  the  pulp  filter 


L 
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holding  any  solid  matboi'  whicli  was  filtered  off,  tbe  pi 
being  then  thoroughly  broken  up  by  shaking.  The  (loid 
mixtum  containing  iron  and  molybdonuni  is  tlieii  allowed 
to  run  in  rapid  drops  into  the  alkaline  solution  whilst  the 
latter  is  briskly  agitated.  The  mixture  is  transferred  to 
a  half-litro  flask  and  made  up  to  the  mark  with  an  allow- 
ance of  1  or  2  CO.  for  the  volume  of  the  precipitate.  (It 
is  usually  unnecessary  to  make  a  temperature  correction.) 
After  thoroughly  mixing,  filter  through  two  thicknesses 
of  stiS'  filter  paper  and  collect  250  cc.  of  the  clear  Rltratg, 
containing  the  molybdenum  in  1  gramme  of  steel. 

Precipitating  the  molybdenum. — The  alkaline  Citrate  is 
tranHferred  to  a  20-oz.  beaker  and  two  drops  of  litmos 
solution  added.  The  solution  is  placed  on  the  hot  plate 
and  bydrochloric  acid  iij  carefully  added  until  acidity  is 
just  roiichod  nud  then  a  further  5  cc.  of  tho  acid.  The 
liquid  is  boiled  vigorously  for  a  minuto  to  expel  carbon 
dioxide,  30  cc.  of  ammonium  acetate  made  as  directed  in 
tho  estimation  of  manganese  on  p.  70  added,  and  lastly 
10  cc.  of  a  clear  solution  of  lead  acetate  of  4%  strength. 

FilteriaKj,  etc. — The  precipitate  of  lead  molybdate  is 
filtered  at  once  through  pulp,  washed  with  not  water  and 
transferred  as  desciibed  on  p.  9  to  an  unweighed  por- 
celain crucible.  It  is  then  iguitod  notir  tho  front  of  the 
mutHo,  cooled,  brushed  out  and  weighed.  Lead  molyl^f 
date  contains  ■2li'lti^  of  molybdenum. 


Krample. 

Weight  of  PbMoO^  =  0"  Iu23  gramnie 
0-1023  X  26-16  =  2-076% 


Theory  of  the  Process. 


The  preliminary  solution  and  oxidation  generate  mo- 
lybdic  aoid,  a  trace  of  which  may  aoparato  out.  This  ia 
filtered  off  and  placed  in  tho  strong  solution  of  caustic 
Boila,  in  which  it  at  unco  diasolvoa,  forming  sodium 
molybdate : 

H^MoO^  +  2  NaRO  =  Na^MoO^  +  2  H/) 

This  same  reaction  takes  place  when  tho  acid  mixture 
containing  tho  iron  and  molybdenum  is  run  into  tho  soda, 
the  iron  being  completely  precipitated  as  ferric  hydrate   ■ 
at  the  same  time: 

FeCk-\-Z  NaEO=  Fe[fIO)^-\-^  NaOl 

The  necessity  for  slowly  adding  the  acid  mixture  to 
an  excess  of  caustic  soda  arises  from  the  fact  that  in 
neutral  or  feebly  alkaline  solutionii  iron  and  molybdenum 
form  insoluble  basic  molybdatos  of  complex  constitution. 
Thus  when  to  an  acid  solution  containing  both  of  these  I 
metals  an  alkali  is  added,  the  neutral  point  is  indi- 
cated by  tho  precipitation  of  a  basic  ferric  molybdate, 
xFe^0.j;yMo0.j,  and  the  addition  of  an  excess  of  alkali, 
however  yreatj  does  not  efl'ect  the  complete  decomposi- 
tion of  this  couipouud,  particularly  when,  as  in  the  | 
analysis  of  a  ateel,  the  iron  is  the  predominating  metal.  I 
By  running  the  acid  solution  of  tho  metals  a  drop  at  a 
time  into  a  large  excess  of  the  alkali,  however,  the 
molybdenum  is  fixed  as  sodium  molybdate  instantane- 
ously, and  ferric  hydrate,  un contaminated  with  ferric 
molybdate,  ia  precipitated.    The  hydrates  of  sodium  and 
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potaBsium  are  much  more  cffQCitive  tlian  their  carbonate 
or  than  ammonium  hydrate. 

Tho  precipitation  of  tho  molybdenum  aa  lead  tnoM 
date  has  been  dealt  with  already  on  p.  147. 


Dk] 


■'  Moi.YBRENrM  IN  HpEaAL  StKKLA. 'i 


The  foregoing  proceaa  ia  not  interfered  with  by  any 
of  tho  olomenta  usually  present  in  ateel  except  chromium 
and  tungsten.  The  former  ia  nearly  all  precipitnt-od  with 
the  iron,  but  email  quantitiea  may  paea  into  the  filtruto 
as  chromate  ani3  will  impart  ii  yellow  colour  to  it.  If, 
after  acidification  with  hydrochloric  acid,  tho  yellow  colour 
ia  not  discharged,  a  few  drops  of  sulphurouB  acid  are 
added  and  the  determination  carried  forward  without 
any  further  trouble. 

When  tungsten  ia  present,  moat  of  it  will  be  found  in 
the  filtrate  with  the  molybdenum  and  will  be  precipitated 
and  woigliod  as  an  acid  tungstato  of  lead  along  with  the 
load  molybdate.  In  such  cases  tho  determination  of  the 
molybdenum  ia  effected  as  follows. 

The  ignited  precipitate  is  digeated  at  the  corner  of 
the  plato  with  strong  hydrochloric  acid  until  it  ia  en- 
tirely decomposed  and  paesos  into  aolutiou.  A  few  dropa 
of  strong  nitric  acid  are  then  added  and  the  whole  mix- 
ture evaporated  to  pastiness.  To  the  paste  is  added  a 
mixture  of  10  cc.  of  strong  liydrochloric  acid  with  30  co. 
of  water,  the  liquid  boiled  and  filtered.  Tho  tungaten 
remaina  aa  WO^  on  the  filter;  it  is  washed  with  water 
oontaining  a  few  dropa  of  hydrochloric  acid,  the  washings 
being  added  to  the  main  filtrate  containing  tho  molyb- 
denum as  molybdio  acid  along  with  the  lead  aa  chloride. 
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To  tbe  hot  filtrate  dilate  ammonia  ia  added  until  a  faint  1 
but  peraistent  milkinQsa  is  obtained,  and  tlien  20  cc.  of   ' 

ammonium  acetate  are  added  to  eRect  complete  precipita- 
tion of  the  molybdenum.  The  lead  molybdate,  now  free 
from  tnngaten,  is  again  filtorod  off,  washed,  ignited  and 
weighed. 


I 


Determikation  of  Vanadium. 

(Time  occupied,  1  day.) 

Combined  Method  (Authors). 

Biesolving,  etc. — Z'i  grammes  of  tho  drillinga  are 
placed  in  a  20-oz.  beaker  and  covered  with  40  cc.  of 
1'20    nitric  acid,  added  a  little  at  a  time.     When    the 

violent  action  has  subsided,  the  solution  is  evaporated 
as  rapidly  as  possible  to  low  bulk,  and  tho  subsequent 
heating  conducted  with  the  usual  care  necessary  in  order 
to  secure  at  tho  bottom  of  the  beaker,  and  with  as  few 
splaahingB  on  the  sides  as  possible,  a  compact  cake. 
This  is  then  hoatod  for  half  an  hour  strongly  in  the 
middle  of  tho  plate  and  then  allowed  to  cool.  By  means 
of  a  pointed  glass  rod  or  steel  spatula,  the  residue  is 
detached  aa  far  as  possible  from  the  beaker  and  trans- 
ferred to  a  clean  dry  porcelain  mortar.  About  6  cc.  of 
strong  hydrochloric  acid  are  then  put  in  the  beaker,  the 
cover  replaced  and  the  beaker  placed  at  the  corner  of 
the  plate  until  tho  acid  has  dissolved  all  the  spiashi 
from  the  sides.  The  solution  is  then  rinsed  into  a  d 
3  inch  platinum  ba,iin  and  the  liquid  evaporated  to  d 
ness  on  the  plntc.     In  the  meantime  tho  main  residui 
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the  porcelain  mortar  is  reduced  to  an  impalpable  powder 
and  intimately  mixed  with  12  grammes  of  dry  sodiam 
carbonato  and  tht;  same  weight  of  aodium  nitrato.  When 
the  solution  in  the  platiDum  dish  has  reached  dryness, 
the  mixturp  in  the  mortar  is  added  and  the  usual  fusion 
of  the  whole  mass  proceeded  with.  This  can  be  readily 
carried  out  over  a  powerful  bunsen  of  the  "Meeker" 
t^pe,  but  care  should  be  taken  when  the  mass  has  nearly 
liquefied  to  maintain  a  coutinuona  motion  of  the  melt  by 
holding  the  dish  with  the  tongs  and  imparting  a.  circular 
movement  to  it,  taking  care  that  the  flame  reaches  well 
up  the  aidea. 

Extraction,  etc. — When  cold,  the  diah  is  placed  in  a 
20-oz,  beaker  and  covered  with  hot  water.  The  sub- 
sequent treatment,  up  to  thoend  of  the  fractional  filtra- 
tion (from  300  to  250  cc),  is  conducted  as  already 
deacribed  under  the  gravimetric  estimation  of  chromium 
on  p.  1C7. 

Evaforalion  to  low  bulk, — The  250  cc.  of  filtrate,  re- 
presenting 2  grammeB  of  steel,  are  transferred  to  a  40-oz. 
bcakor.  A  yellow  colour  indicates  the  presence  of 
chromium,  but  strongly  alkaline  solutiona  of  vanadates 
are  colourless.  To  the  alkaline  solution  dilute  sulphuric 
acid  (1  to  3)  is  cautiously  added,  until  a  drop  of  the 
Bolntion  gives  an  acid  reaction  with  litmus  paper;  an 
exccaa  of  30  cc  of  the  dilute  acid  is  then  added  at  once. 
In  the  absence  of  chromium,  the  presence  of  vanadium 
in  the  colourless  filtrate  from  the  fusion  is  betrayed  by 
the  development  of  a  yellow  colour  on  the  addition  of 
the  acid.  The  yellow  colour  incroasos  in  intensity  as  more 
acid  ia  added  up  to  the  neutralization  point  and  decreases 
afterwards  with  the  formation  of  an  almost  colonrleaa 
solution  again.    These  colour  changes  are  entirely  masked 
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L  in  the  presence  of  chromium  hy  the  change  of  the  yellow 
Bodium  chromate  to  dark  green  chromium  sulphate  through 
the  agency  of  the  oxides  of  nitrogen  liberated.  The  acid 
solution  is  now  boiled  vigorously  and  evaporated  to  low 
bulk  in  order  to  expel  all  free  nitric  acid.  If  difficulty  is 
experienced  by  the  separation  of  solid  sodium  sulphate 
towards  the  end  of  the  evaporation,  the  contents  of  the 
beaker  ahould  be  transferred  to  a  capacious  platinum  dish 
and  the  evaporation  completed  over  a  rose  bnmerj  with 
constant  stirring  of  the  semi-solid  mass  until  thick  fameft 
of  aulphnr  trioxide  are  evolved  copiously. 

Titration. — After  cooling,  water  is  added  to  the  reBiduo 
and  heat  applied  to  effect  complete  solution.  The  solution 
is  then  rinsed  into  a  30-oz.  registered  flask  and  diluted 
to  about  250  cc.  with  water.  Sulphurous  acid  (20  cc.) 
is  then  added,  and  the  flask,  after  introducing  a  filter 
plate  to  facilitate  the  expulsion  of  the  excess  of  sulphur 
dioxide  and  prevent  bumping,  set  on  the  plate.  When 
the  smell  of  sulphur  dioxide  ia  no  longer  perceptiblo  in 
the  escaping  steam,  the  fairly  blue  solution  (chromium 
being  absent)  is  cooled  off  rapidly  under  the  water  tap. 
A  centinornial  solution  (mado  as  wanted  from  a  deci- 
normal) ,  of  potassium  permanganate  ia  added,  a  few  drops 
at  a  time,  from  a  burette,  until  a  faint  pink  tint  persists 
for  3  minutoa  after  the  final  addition.  Kat^h  cc.  of  centi- 
normal  permanganate  represents  0'000512  gramme  of 
vanadium. 

The  end  point  of  the  reaction  when  chromium  ia  pre- 
sent is  manifested  by  a  change  from  the  green  colour  of 
chromium  salts  to  a  peculiar  purple  tint. 
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Theoi-y  of  the  Process, 


The  basic  vanadate  of  iron  fonuod  by  baking  tbo  pre- 
liminary nitric  acid  solution  of  the  steol  is  decomposed 
by  the  fusion  and  sodium  orthovanadato  formed.  The 
chemical  changes  occurring  in  tho  caao  of  the  other 
elements  have  already  been  dealt  with  on  p.  171.  , 

FA  +  3  Na^OO^  =  2  Na.JO^  +  3  COj  , 

On  acidification  of  the  filtrate,  the  orthovanadate  is  first 
changed  to  metavanadate  of  sodinm  and  the  latter  then 
decomposed  with  formation  of  vanadic  acid. 

JVffl„rOj  +  H.SO^  =  Na^SO^  +  NaVO^  +  E^O 
2  Na FOa  +  'hMO^  =  Na.SO,  +  V.O,  +  Up 
The  reduction  of  vanadic  acid  and  solublo  vanadates 
in  acid  solution  to  tho  characteristic  blue  solutions  so 
much  like  those  of  copper  salts  involves  a  change  from 
^■Sii,  to  F^,  and  the  subsequent  titration  with  perman- 
ganate etloctfi  the  converse  change  , 
FA  +  ff.SOg  =  Vp,  +  B..SO, 
5  no,  +  K.Jdn,0^  +  3  HJiO,  =  5  V.p.,  +  K.SO,  + 

2  AfftSO,  +  3  H.p 
From  the  last  equation  it  is  evident  that  10  atoms  of 
vanadium  (weight  512)  correspond  to  one  molecule  of 
permanganate  (weight  316],  and  as  a  centinormal  solu- 
tion of  the  latter  contains  0'316  gramme  of  tho  sail  in 
1,000  CO.,  each  cc.  therefore  containing  O"OO03  IG  gramme, 
we  have  the  relation 

N 
Ice.  -      permanganate  =  0'000512  gramme  vanadium, 


\ 


In  an  actual  case,  9*3  cc.  of  the  permaQ^anate  wero 
uaed.giving  ■000512x9'3=  '0047616 gramme  T from 
2  grammes  of  steel.    Hence 

■0047G16  X  — **  =  0-238%  of  vanadiam. 

Dilute  solutions  of  potassium  permanganate  in  the  cold 
exert  no  oxidizing  effect  on  solution  of  chromium  salts, 
BO  that  the  latter  exert  no  influence,  except  in  bo  far  as 
to  make  the  end  point  leas  readily  diacernible  on  account 
of  their  strong  colour. 


COLOBIMBTRIC!  MeTHOD. 

(Time  occupied,  ^  hour.) 
He-agents  required. 


I  Standard  solution  of  vanadium.— This  is  readily  pre- 
pared  from    pure    ammonium    m  eta  vanadate,    a   white 
amorphous  powder,  sparingly  soluble   in  water.    From 
the  formula  NH,VO.„  it  will  be  found  to  contain  437  % 
of  vanadium  and   commercial    samples  are   purchasablo 
which  yield  a  percentage  of  43'5,  the  impurity  consisting 
usually  of  a  trace  of  auimonium  chloride.    It  should  be 
aaaayed  for  vanadium  by  weighing  off  accurately  0'25 
gramme  of  tho  salt,  transferring  to  a  conical  flask,  dis- 
solving in  250  cc.  of  hot  water  with  10  cc,  of  sulphuric 
acid  and  reducing  with  20  cc.  of  strong  sulphurous  acid 
H^    solution.    The  excess  of  sulphur  dioxide  is  then  ( 
^B    pletely  expelled   by   boiling,  and   the  solution  titrated 
^P   after  cooling  to  the  ordinary  temperature  with  a  reli- 
^V    able  solution  of  potassium  permanganate  of  docinormal 
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The  (-oloiir  changes  duriiig  the  titration  from  a 

•JBclistinguishable  from  that  of  strong  copper  sulphate 

I  lohitioa  through  various  shades  of  green  up  to  a  full 

I  jvUowish  brown,  are  very  striking.    A  pink  colour  por- 

f  nstmg  for  3  minutes  marks  the  end  of  the  reae.tiou.    By 

reducing  again  with  sulphurous  acid,  the  operation  can 

be  repeated,  and  this  process  can  bo  again  repeated  many 

times,  until  the  golntion  becomes  so  loaded  with  man- 

gane^s  and  potassium  sulphates  as  to   make  the   boil- 

I  ing  very  difficult,  if  not  impossible.     As   each  cc.   of 

1  N  ^ 
j„  KMnO^  ropreBontB  0'00512  gramme  of  vanadium,  the 

Amount  of  this  metai  in  the  025  gramme  of  ammonium 
II I  eta  vanadate  is  easily  calculated. 

I  .  From  the  result  of  the  above  assay,  the  calculated 
Amount  of  ammonium  metavanadato  is  weighed  off,  trans- 
ferred to  a  250  cc.  flask,  dissolved  in  about  200  cc.  of 

I  hot  water,  tho  solution  cooled  and  made  up  to  the  mark. 
The  amount  to  be  weighed  off  should  contain  0'  1  gramme 

I  of  vanadium,  so  that  each  cc,  of  tho  solution  will  contain 

I  O'OOOl  gramme  of  vanadium.  Approximately  0 '23  grararao 
of  the  commercially  pure  salt  will  bo  required. 

Solution  of  hydrogen  peroxi'h. — Weigh  off  roughly  7 

[  grramioos  of  sodium  peroxide  and  sprinkle  it  a  little  at  a 
tiiiio  into  a  beaker  standing  in  cold  water  and  containing 
250  cc.  of  nitric  acid  of  s.g,  1.20.    Dissolve  by  stirring. 


The  Proa'ss. 
DisKoIvinij,  He. — Weigh  off  1  gramme  of  the  sample 
I  Will  the  same  weight  of  a  steel,  free  from  vanadium,  of 
I  approximately  the   sainc  carbon  contents.    Dissolve  nach 


I 

I 


in  20  cc.  of  1'20  Ditric  acid,  and  when  difisolved,  expel  all 
nilroits  fames  by  boiling.  Add  a  solation  of  potassium 
pcriDangtinate  (of  any  strength)  a  fow  drops  at  a  tirae 
nntil  a  brown  precipitate  is  olitained  which  persists  in 
the  boiling  solution.  Now  add  sulphurous  acid  solution 
in  drops  until  tho  licjuid  is  cleared,  and  thffn  n  further 
2  or  3  cc.  Boil  vigorously  to  expel  the  excess  of  sulphur 
dioxide  and  transfer  each  solution,  assay  and  standard, 
separately  to  a  1 00  cc.  graduated  flask.  Cool  under  tho 
tap  to  the  normal  temperature,  and  dilute  with  cold  water 
60  as  to  make  the  flasks  about  two-thirds  full.  Now  add 
carefully,  a  drop  at  a  time,  a  solution  of  potassium  per- 
manganate, shaking  after  the  addition  of  each  drop,  until 
it  is  judged  that  a  further  drop  would  produce  a  per- 
manent colour.  If  by  chance  too  much  permangannto 
ahoald  be  added,  the  colour  must  be  again  discharged  by 
the  very  careful  addition  of  a  highly  dilute  solution  of 
sulphurous  acid.  Tho  pale  yellowish  green  liquids  are 
now  diluted  to  the  mark. 

Comparison  of  colours. — -The  solutions  are  then  trans- 
ferred to  tall  narrow  beakers  of  about  200  cc.  capacity, 
and  the  beakers  placed  on  a  white  tile  or  a  sheet  of  whito 
paper.  To  each  is  then  added  10  cc,  of  the  sodium 
peroxide  solution,  whereupon  the  vanadium  sample 
develops  a  characteristic  brown  colour.  This  brown 
colour  is  then  matched  by  delivering  from  a  burette  tho 
standard  vanadium  solution,  a  cc.  at  a  time  at  first,  and 
smaller  amounts  towards  the  end,  into  tho  vanadium-froo 
solution.  For  each  cc.  of  vanadium  solution  added,  ace, 
of  distilled  water  must  be  added  to  the  assay  solution  80 
as  to  maintain  the  same  volume  of  liquid  in  each.  ITio 
equality  of  thecolourintensities  is  best  judged  by  looking>> 
vertically  into  the  solutions. 
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Id  a  specifio  c&ae,  6*2  cc.  of  the  standard  TaaadiuinB 
solution  were  used  up  in  matching  the  colour  yielded  bn 
A  certain  vanadium  steel,  1  gramme  of  each  steel  (standf 
and   sample),   being  weighed  o£F  originally.     Hence 
gramme    of    the     steel    contains     ■0004  xC'2: 
gramme  V. 

of  vanadium  =  0'248 


Tlieory  of  tlie  Process. 

Solutions  of  vanadic  acid  or  of  soluble  yanadatea  yield 
in  nitric  or  aulphuric  acid  solution  a  brown  coli 
known  constitution,'  the  depth  of  which  forsmallquantitiea 
of  vanadium  is  proportional  to  the  amount  of  th 
present. 

The  preliminary  operations  have  already  been  explaint 
irhero.     It  will  bo  noticed  that  they  have  for  their 
I  tlip  generation  in  the  solution  of  the  higher  oxide 
idinm,  and  the  preparation  of  a  solution  as  free 
ible.    For  both  reasons  the  carbonace- 
p!>ta  therefore  destroyed,  and  to  comply  with 
roment,  potassium  permanganate  ia  added 
i  solutioD  to  oxidize  Vfly  formed  by  the  addition 
I  -tf 'figfO^  Vf  to  FA  ^»n- 
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Special  Steels. 

f  at«els,  the  colorimetric  process  just  de- 1 
Kvurikte  results,  and  is  on  this  account  to  j 


be  recommended  before  the  tedious  but  equally  accamto 
process  described  under  the  title  of  "  combined  method." 
The  method  is,  however,  not  workable  in  the  presence  of 
titanium,  for  hydrogen  peroxide  produces  a  yellow  colour 
with  traces  of  titanic  acid.  Steels  containing  nickel  and 
chromium,  and  which  therefore  yield  coloured  solutiona 
after  the  preliminary  solution,  oxidntion,  etc.,  can  be 
assayed  with  a  fair  degree  of  accuracy  by  aelecting  a 
standard  steel  containing  approximately  the  same  amounta 
of  theae  elements,  but  free  from  vanadium,  and  proceed- 
ing. It  is  even  permissible  to  introduce  these  elements 
in  the  form  of  a  weighed  amount  of  one  of  their  salts 
into  a  solution  obtained  from  a  standard  steel  not  con- 
taining them,  so  aa  to  imitate  the  colour  of  the  assay 
before  the  additionof  the  peroxide.  The  case  of  chromium 
requires  a  further  note. 

When  permanganate  is  added  to  the  hot  nitric  acid 
solution  of  the  steel  so  as  to  destroy  the  carbonaceous 
mattor,  a  permanent  brown  precipitate  of  peroxide  of 
manganese  will  obviously  not  bo  obtained  until  the 
chromium  has  been  oxidized  to  chromic  acid.  When 
therefore  the  precipitate  is  dissolved  in  sulphurous  acid, 
sufficient  of  this  re-agent  shoukl  be  added  to  reduce  the 
chromic  acid  again  completely  to  a  chromium  salt  before 
proceeding. 

Certain  chromium  steels  cannot  be  decomposed  with 
I'20  nitric  acid.  This  difficulty  is  overcome  by  adding 
first  10  CO.  of  dilute  sulphuric  acid  (1  acid,  3  water),  and 
when  the  steel  has  almost  dissolved,  10  co.  of  nitric  acid, 
1-20. 
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Dktkbmination   ov  Titanium. 

(Tinio  occupiedj  ^-hoor.) 

Tlio  small  percentages  of  titanium  purposely  iufcroducod 
into  steel  arc  juat  as  .accurately  determined  by  a  rapid 
colorimetric  method  as  by  tLg  tronblesome  grtiTimetric 
methods  usually  applied. 


Re-aijents  rcqmreil. 

Standard  solution  of  tiiantiim. — Exactly  0'1668 
gramme  of  pure  oxide  of  titanium  (TiO^  is  weighed  off 
and  thoroughly  fused  in  a  platinum  crucible  with  ten 
times  its  weight  of  sodium  carbonate.  The  molt  ie  boiled 
out  with  a  small  quantity  of  water  so  as  to  detach  it  as 
completely  as  possible  from  the  crucible,  and  the  insoluble 
Bodiuui  titanato  then  taken  into  solution  by  tho  cautious 
addition  of  strung  sulphuric  acid.  Tho  clear  solution  is 
transferred  to  a  250  cc.  flask,  cooled  and  diluted  to  tho 
mark  with  eulphnric  acid  and  water.  This  operation  must 
be  performed  carefully,  because  if  too  much  water  is  used 
titanic  acid  separates  out.  The  best  proportions  for 
keeping  it  in  solution  are  a])proximately  three  parts  strong 
acid  to  one  of  water.  Each  cc.  of  the  solution  contains 
0"0004  gramme  titanium. 

Solution  of  hydrogen  -peroxide. — Prepare  this  exactly 
Bs  descnbed  under  the  corresponding  coloriinotric  pro- 
oesB  for  vanadium. 


The  Process. 

Tbis  needs  no  description,  as  tbo  dotMila  aro  oxootly  tfao 
same  as  for  vHnadium,  tlio  etandard  aolntion  of  titaniutii 
ppepnred  as  above  being  used  for  matcbing  tbo  i^oluiir 
obtaiaed  from  tbo  steel  under  examination. 


Tbe  colour  yielded  in  acid  solution  by  titanic  aoid  and 
hydrogen  peroxide  ia  yellow,  and  tberoforo  paler  than  tbo 
I  colour  yielded  by  vanadium.  The  reaction  is  an  extremely 
■Benaitive  one,  however.  The  colour  i 
■•tood  to  be  due  to  the  formation  of  a  higher  ( 
fThe  test  is  obviously  of  no 
r  vanadium. 


DKTKItMl NATION    Of    TaNTALI 

The  introduction  of  tantalum  into  steel  is  a  recent 
innovation,  and  ita  effect  is  at  the  present  lime  the  sub- 
ject  of  investigation.  Tbo  process  described  below  for  itH 
eetimation  was  worked  out  on  an  experimental  atoel 
speoially  made  from  a  rich  ferro- tantalum,  and  is  sub- 
mitted as  being  likely  to  prove  satisfactory,  not  only  in 
the  case  of  the  mild  steel  obtained  (carbon  0*2^),  but 
in  general. 

The  attention  of  the  student  is  directed  to  the  follow- 
lug  esperimonta,  which  were  made  in  order  to  arrive  at  a 
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genemlly  satisfactory  method  for  the  detormi nation  ( 
tantalum : 

I.  Five  grammes  of  drillinga  were  treated  exactly  as  in 
the  estimation  of  silicon  by  opening  out  with  hydro- 
chloric acid,  baking,  extracting  with  acid,  diluting  with 
water  and  filtering.  The  washed  residue,  consisting  of 
silica  and  tantalic  oxide  was  strongly  ignited  nod  treated 
with  hydrofluoric  acid  to  remove  silica.  The  residue, 
calculated  to  tantalum,  yielded  0'S3%  of  the  metal. 

II.  Five  grammes  of  drillings  were  dissolved  in  dilute 
sulphuric  acid  (I  acid,  6  water).  The  black  residue,  more 
Tolumious  than  an  ordinary  steel  of  the  same  carbon 
contents  would  leave,  was  filtered  off,  well  washed  with 
dilute  hot  hydrochloric  acid,  finally  with  water,  ignited 
and  weighed.  After  treatment  with  HF  the  residue 
calculated  out  to  0'32^  tantalum. 

III.  Five  grammes  of  drillings  were  dissolved  in  a 
mixture  of  40  cc.  of  strong  hydrochloric  acid  with  an 
equal  bulk  of  water.  The  residue  was  at  once  filtered  off 
and  treated  as  in  II,  yielding  0'34^  of  tantalum.  The 
filtrate  was  evaporated  to  dryness,  the  residue  baked, 
extracted  with  strong  hydrochloric  acid,  the  solntion 
diluted  and  at  once  filtered  and  treated  as  before.  A 
further  amount  of  tantalum  was  obtained,  bringing  ths« 
total  to  0--102%.  ■ 

IV.  Five  grammes  of  drillings  were  dissolved  in  aqns  f 
rcgia,  the  solution  evaporated  to  dryness,  the  residue 
baked  strongly,  extracted  with  20  to  30  cc.  hydrochloric 
acid,  the  liquid  diluted  with  water  up  to  500  cc.  and 
allowed  to  stand  over  night.  The  residue  was  filtered  off 
and  treated  as  before,  yielding  0'48%  of  tantalum. 

V.  Two  grammes  of  the  drillings  wore  dissolved  in 
40  cc,  of  nitric  acid  s.g.  I  •20.    The  solution  was  evapor- 


[  ated  to  low  bulk  and  then  transforrod  to  a  large  platinam 

[  dish,  in  which  the  evaporation  was  continued  to  dryness, 

the  mass  being  finally  baked  strongly.    The  dried  residuo 

was    then  intimately  mixed   with    10  grammes    of  pure 

finely  powdered  acid  potassium  sulphate,  and  the  whole 

mixture  heated  to  fusion  over  the   bunsen.    The  liquid 

mass  was  brought  to  thorough  homogeneity  by  awimming 

the  melt  well  up  ihe  sides  of  the  dish  under  a  powerful 

'  Meeker"  burner.     After  cooling,  the  residue  was  dis- 

[  solved  out  by  prolonged  digestion   with   dilute    hydro- 

l  chloric  acid  until    the   insoluble    residue    of  silica    and 

I  tantalic  acid  wa-i  judged   to  be  white.    The  extract  was 

copiously  diluted  and  allowed  to  stand  for  several  hours. 

The  residuo  was  filtered  off  and  treated  as  before,  and 

[  exhibited  a  slight  pink  tinge,  evidently  due  to  a  trace  of 

It  was  covered  with  an  equal  bulk  of  powdered 

I  BKSO^  and   the  preceding  treatment  repeated,  yielding 

[  finally  O-iO'^  of  tantalum, 

VI.   Five  grammes  of  the  drillings  were  placed  in  a 
(  conical  flask  and  covered  with  300  ce.  of  a  saturated 
\  solution  of  copric  amraoniura  chloride  containing  6/^  of 
I  hydrochloric  acid.    In  order  to  expedite  the  deoompoai- 
•  tion  of  the  steel,  a  brisk  current  of  air  was  drawn  through 
f  the  liquid  by  means  of  a  filter  pump.    The  carbonaceous 
\  residue  was  filtered  off,   washed  with  10%  hydrochloric 
acid,  and  ignited.     To  eliminate  the  iron  present  in  the 
residue,  the  latter  was  fuRed  with  IIKSOf,  and  the  treat- 
ment described  in  IV  repented.     After  the  removal  of 
silica  with  HF  the  pure  white  residue  of  Ta./)^  calculated 
out  to  0-402!  tiintalum. 
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Consideration  of  Results. 


J 


From  the  foregoing  experiments  it  is  evident  tbat 
when  a,  steel  containing  tantalum  is  dissolved  in  dilute 
hydrochloric  or  aialphuric  acid,  much  but  not  all  of  the 
tantalum  is  left  with  the  insoluble  residue.  The  authors 
have  rcaflon  to  believe  that  the  proportion  would  bo 
greater  in  the  cases  of  harder  steels.  The  subsequent 
evaporation  of  the  filtrate,  baking  of  the  residue,  etc, 
cannot  bo  made  to  furnish  the  remainder  of  the  tantalum, 
unloas,  as  is  described  under  IV,  the  acid  extract  is 
very  largely  diluted  and  allowed  to  stand  for  a  long 
time. 

The  method  described  under  V,  although  tedious,  un- 
doubtedly yields  tho  correct  figure  when  the  process  is 
carefully  conducted  by  skilled  operators;  and  since 
method  VI  evidently  leads  to  a  successful  isauo  and  is 
much  more  easily  carried  out,  tho  authors  have  no  hesi- 
tation in  recommendiiig  it.  m 


The  Process. 

Ditsohing, — Fivegrammea  of  drillings  are  weighed  oBF, 
transferred  to  a  conical  flask,  and  300  ce,  nf  a  saturated 
solution  of  cuprammoninm  chloride,  together  with  15  Co, 
of  strong  hydrochloric  acid  added.  The  flask  is  either 
closed  with  a  solid  bung  and  tho  contents  shaken  until 
the  drillings  have  entirely  disappeared,  or  it  ia  closed 
with  a  buug  pierced  with  two  holes  carrying  glass  tubing, 
arranged  as  in  an   ordinary  wash   bottle,  and   a   rapid 


_J fc^_ 


k 
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current  of  air  drawn  tBrough  the  liquid  by  metins  of  tke 
filter  pump.  The  object  in  either  case  is  to  facilitate  the 
aolufcion  of  the  metallic  copper  precipitated  on  the  aur- 
faccs  of  tlio  drillings  by  keeping  the  latter  in  motion. 

The  time  occupied  in  dissolving  depends  also  upon  the 
aliape  and  liize  of  the  drillings  as  also  upon  the  amount 
of  carbon  in  the  ateel. 

Filtration. — The  residue,  containing  the  whole  of  the 
carbon  of  the  steel  associated  with  the  tantalum  and 
some  iron,  is  filtered  off  and  well  wa.-ihed  with  liot  10% 
liydrochloric  acid  and  finally  wiLh  water.  It  is  then  dried 
and  ignited  in  a  shallow  platinnm  dish. 

Fusion  of  the  residue. — Sufficient  pure  powered  acid 
potassium  sulphato  is  then  added  to  more  than  cover  the 
residue,  and,  without  mixing,  the  dish  is  held  in  a  bun- 
sen  flame  by  the  tongs.  To  the  accompaniment  of  a 
copious  evolution  of  sulphur  trioxide,  the  maaa  ia  thus 
reduced  to  a  perfect  riielfc,  which  is  run  well  up  the  red- 
hot  sides  of  the  ditih  by  communicating  to  the  latter  a 
a  weeping  circular  motion. 

Extraction-,  e(c.— When  cold  the  dish  la  placed  in  a 
20-oz.  beaker  and  juat  covered  with  hot  water.  The  mass 
qoiokly  diasolvea  away  from  the  dish,  which  Js  then  lifted 
out  and  washed.  To  ensure  complete  purification  of  the 
insoluble  residue  from  the  last  traces  of  iron,  several  co.  of 
atrong  hydrochloric  acid  are  added  and  the  mixture  once 
more  brought  to  boiling  before  the  final  filtration.  The 
residue  after  being  washed  on  the  filter-paper  with 
10/^  hydrochloric  acid  is  dried  and  ignited  as  strongly 
aa  possible  for  ten  minutes.  The  mixture  of  pure  tantalic 
oxide  and  silica  is  then  treated  as  usual  with  a  few  drops 
of  hydrofluoric  acid  and  tho  tantalum  percentage  calculated 
fferencc.     TajO;,  contains  82'0'y.  of  tantalum 
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Theory  of  the  Process. 

The  reactions  involved  in  the  preliminary  decomposi- 
tion of  the  steel  with  the  double  chloride  of  copper  and 
ammonium  have  already  been  dealt  with  in  connection 
with  the  estimation  of  carbon  on  p.  34^  where  sodium 
chloride  was  used  instead  of  ammonium  chloride. 

By  the  ignition,  the  carbon  is  eliminated  as  carbon 
dioxide  and  the  double  carbide  of  iron  and  tantalum  de- 
composed with  formation  of  the  oxides  of  the  metals. 
The  fusion  of  the  oxides  with  HKSO^  at  a  red  heat  con- 
verts the  ferric  oxide  into  soluble  ferric  sulphate,  and 
leaves  the  tantalic  oxide  {Ta^O^  in  the  form  of  a  per- 
fectly white  amorphous  solid,  insoluble  in  hydrochloric  or 
hydrofluoric  acid. 


TGI 

'  The  introduction  of  chrome-tungsten  atoela  for  tvfiat 
arills,  turning  tools,  etc.,  haa  made  it  necessary  to  de- 
vote a  special  section  to  their  analysis,  evon  although  the 
inodiGcatious  of  the  ordinary  methods  of  analysia  de- 
manded by  the  preaenco  of  comparatively  large  amounts 
of  chromium  and  tungstun  have  been  dealt  with  as  they 
arose. 


TiieooMPLKTi!;  Analysis  of  Hmn-SPKBD  Steels. 
Deter minatimi  of  Carbon. 


I 


Carbon  in  high-speed  steels  canaot  bo  accurately 
dotennined  by  preliminary  decomposition  with  copper 
solutions  and  Kubsequent  combuaion  of  the  dried  residue. 
The  direct  combustion  with  oxide  of  manganese  in  a 
ifltream  of  oxygen  yields  accurate  results, 


Delermmation  of  'I'migsten,  Silicon^  and  Miinijaju'se. 

Dccomi)OBUion,etc. — Weigh  off  2'2  grammes  of  drillings 
and  transfer  to  a  bcakor  [of  about  360  co,  cftpncity}  with- 
out a  lip.  Add  70  co.  of  strong  hydrochloric  acidj  and 
slowly  bring  the  mixture  just  to  the  boiling  point.  Re- 
move the  beaker  to  a  loss  hot  part  of  the  plale  and  con- 
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tinuo  the  digestion  jast  short  of  boiling  point  until  t 
action  nearly  coasos.  Now  add,  little  by  little,  ^ 
concentnited  nitric  acid  with  constant  shaking.  The 
steel  should  now  be  completely  decomposed  without  any 
separation  of  tungatic  oxide.  During  the  preceding  opera- 
tions the  beaker  should  be  kept  covered  as  much  as 
possible  to  maintain  the  strength  of  the  hydrochloric 
acid.  The  cover  is  now  pulled  aside  slightly,  and  the 
solution  evaporated  to  pastiness,  a  hot  mixture  of  10  cc. 
hydrochloric  acid  with  40  cc.  of  water  added,  and  the 
contents  of  the  beaker  boiled  for  half  a  minute  to  eSbct 
complete  solution  of  the  forric  chloride. 

First  Jillralion. — Allow  the  separated  tungs tic  oxide 
to  settle  and  filter  through  a  pulp  filter,  washing  well 
with  5%  hydrochloric.   The  residue  {I)  is  sot  aside. 

Evaporation. — The  filtrate,  which  is  collected  in  a 
beaker,  is  now  evaporated  to  complete  dryness,  but  the 
dry  mass  must  not  be  baked  strongly  or  it  will  re-dissolve 
with  great  difBculty.  Add  30  cc.  of  strong  hydrochloric 
acid  and  evaporate  to  pastiness  as  before.  Boil,  as  before, 
with  50  CO.  of  the  dilute  acid  (I  to  4)  and  allow  to 
settle, 

Secovd  JUiration. — Filter  again  through  pulp,  receiv- 
ing the  filtrate  in  a  30-oz.  registered  flask.  The  residue 
[II)  is  treated  as  follows : 

Ignition,  etc. — The  residues  1  and  II  are  partially 
dried  and  ignited  strongly  in  a  weighed  shallow  plati- 
num dish.  The  weight  represenls  the  tungstic  oxido,  the 
silica,  and  possibly  also  traces  of  ferric  and  chromic 
oxides.  The  weighed  residue  is  treated  with  a  few  drops 
of  hydrofluoric  acid,  the  excess  of  the  latter  removed  on 
the  plate,  and  the  residue  again  strongly  ignited.  The 
loss  in  weight  represents  the  silica. 
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expulsion  of  the  Bilica,  the  residue  is  covGred 
equal  bulk  of  pure  dry  sodium  carbonate  and 
the  dish,  without  mixing  the  contents,  placed  in  the 
muffle.  The  whole  masa  quickly  fuses  and  the  dish  ia 
then  removed,  cooled  off,  placed  in  a  boakor  and  covered 
with  hot  water.  When  »11  isolid  matter  has  apparently 
diaaolvod,  the  diah  is  removed  and  washed,  and  the 
solution  allowud  to  stand.  A  small  residue  of  ferric  oxide 
almost  invariably  settles  out  and  is  filtered  off,  washed, 
dried,  ignited  and  weighed.  Its  weight  is  deducted  from 
that  of  the  tungstic  oxide. 

■  Should  the  filtrate  containing  the  tungsten  as  sodinm 
tungstate  exhibit  a  yellow  colour,  the  original  residue  (I) 
contained  a  small  quantity  of  chromic  oxide.  The  amount 
of  this  is  quickly  ascertained  by  adding  sulphuric  acid  to 
acidity,  then  a  few  cc,  carefully  measured,  of  an  ap- 
proximately decinormal  ferrous  ammonium  sulphate, 
which  has  been  standardized  with  a  reliable  decinormal 
permanganate  solution,  and  finally  permanganate  itself 
from  a  burette  to  determine  the  excess  of  ferrons  iron. 

N 
1  cc.  —  KMnO^  represents  0'00254  gramme  OrM^. 


Examph  of  Oaloulation. 


0-3202  =  weiglit  of  WO,  +  SiO,  +  tratCB  of  Ff,0, 
am)  Cr,0^ 
Weight  II  ==-23-5710 

a3-S770  -  'i3-S71 0  =  0-0060  gminine  of  silica. 

.      006  X -467  X  100     -.,„ 
Sihcon  per  cent  = — sO"!"" 


I 
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Weight  U  = 

diBh= 

=  ■23-5710 
=  23-2568 

^0^42  = 

0-0020  = 

iveigbt  of  Ft.fl,  r<,u.ni  al'lti-  li 

0-3122  = 

WO,^Cr.fl,. 

J-   FemiUB  ammun.  siiliibaie  siiliitiu: 

1.  ;id<k-.l  =  ;l 

-    potaasiiim  iieriimii>:iiiintc      „      =2-6  c 

0-4  X  -00254  =  -001  f-rniiiiuc  CrjOj. 

-31-22  -  -001  =0-alI2  gramme  WO^. 

0-31 12  X -793x100 


■1-^ 


=  1 1-2  per  cent.  tungsUin. 


The  inanganese  is  next  dotermined  on  the  sccood 
Gltrato,  collected  iu  the  regietorod  Sask.  (If  more  than 
2  milligrammea  of  ferric  oxide  are  found  in  the  timgstic 
oxide,  they  should  be  diaeolved  in  hydrochloric  acid  and 
the  solution  rinsed  into  the  registered  flask  containing 
the  filtrate  for  the  manganese  eatimation.)  This  filtrate 
is  partially  neutralized  with  ammonium  hydrate,  and 
afterwards  with  ammonium  carbonate,  exactly  aa  de- 
soribedunderthedeterminationof  nickelon  p.  190.  After 
precipitating  with  ammonium  acetate  and  making  up  to 
lOOOco.,500  cc.offlltrate,  containing  the  manganese  from 
I'l  grammes  of  steel  J  arecolloctod, cooled  and  precipitated 
with  bromine  and  ammonia.  The  hydrated  peroxide  of 
manganese  is  flltured  off,  washed  and  ignited.  li  is  in- 
varxahly  contaminated  with  chromium.  It  is  therefore 
brushed  into  a  10-os.  coniciil  flask  and  heated  with  5  cc, 
of  atrong  hydrochloric  acid  until  dissolved.  Three  or 
four  drops  of  concentrated  sulphuric  acid  arc  then 
cautiously  added  and  the  mixture  evaporated  to  complete 
expulsion  of  the  hydrochloric  acid   as   indicated   by  a> 
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r copious  evolation  of  .sulphur  trioxide  fumes.  After  cool- 
I  ing,  20  CO,  of  1'20  nitric  acid  are  added  and  the  man- 
I  ganeae  ostimated  in  the  solution  by  the  bi^muthatu 
1  process  described  fully  on  p.  92. 


Determination  of  Phospliorus. 

Disaulve  2  grammea  of  the  driUings  in  20  cc.  nitric  acid 

and  25  cc.  of  hydrochloric  acid,  evaporate  to  paatinesa  and 

boil  with  60  cc.  dilute  hydrochloric,  aa  already  deacribed 

'   under  the  estimation  of  tungaten.    Filter,  wa^h  with  5^ 

acid,  evaporate  filtrate  and  waahinga   to  dryness,  bake 

very  gently,  take  up  with  30  cc.  hydrochloric  acid,  and 

I  evaporate  to  low  bulk.    Now  add  15  cc.  strong  ammonia, 

I  then  strong  nitric  acid  a  little  at  a  time  until  the  precipi' 

J  tato  juat  diasolvea,  and   finally  about  2  cc.  in   csccsa 

Cool,  if  necessary,  to  about  70°  C,  precipitate  with  30  cc, 

of  molybdato  ro-agent,  and  finish  the  estimation  in  one  ol 

■  the  ways  already  described. 


Determination  of  Sulphur. 

Dissolve  Q  grammes  of  the  drillings  in  24  o 
trated  nitric  acid  and  30  cc.  concentrated  hydrochloric 
acid.  Evaporate  to  pastiness,  boil  with  dilute  hydro- 
chloric acid  as  bofore,  and  transfer  to  a  graduated  Qaak  of 
120  cc.  capacity.  Cool,  make  up  to  the  mark  and  trans- 
fer to  a  small  beaker  to  allow  the  tungstic  oxide  to 
I  settle.  Filter  off  exactly  100  cc,  of  the  clear  solution 
through  a  dry  paper  and  determine  the  sulphnr  in  it 
by  preci]>itfttion  aa  barium  sulphate. 


Phosphorus  tnay,  if  thought  desirBble,  be  estimated  ii 
the  filtrate  Erom  the  BaSO^  without  separating  tho  escesi 
of  barium  chloride. 


Determination  of  Molybdenum. 

Two  grauiiuea  of  the  drillings  are  opened  out  exactl)^ 
as  for  tungsten,  and  the  tungstic  oxide  filtered  off  ai 
washed.   The  acid  filtrate  is  concentrated  to  about  30  o 
and  neutralized  partially  by  a  solution  of  sodium  hydrate, 
care  being  taken  to  stop  the  addition  of  tho  alkali  before 
the  solution  commences  to  darken  in  colour.    The  liquid 
ia  then  run  from  a  tap  funnel  into  excess  of  caustic  soda, 
and  the  determination  carried  out  as  already  described  on  1 
p.  225. 

The  filtrate  from  the  ferric  hydrate  may  be  colourecl'l 
yellowj  indicating  the  presence  of  sodium  chromate.  ThisT 
contingency  has  been  provided  for  also  on  p.  228, 


Determination  of  Chromium. 

To  2  grammes  of  drillings,  contained  in  a  10-oz,  coni- 
cal flask,  add  50  cc.  of  dilute  sulphuric  acid  (1  acid  to  S 
water) .  When  the  drillings  hare  nearly  all  dissolved  add 
5  oc.  concentrated  nitric  aeid  and  boil  to  expel  all  nitrous 
fumes.  Dilute  to  about  200  cc.  with  bot  water  and  beat 
to  boiling.  Add  little  by  little  a  strong  solution  of  potas- 
sinm  permanganate  (25  grammes  per  litre)  until  tho 
chromium  is  oxidized  and  tho  permanganate  is  in  slight 
excess  as  indicated  by  the  appearance  of  a  turbidity,  and 
then  add  2  oc.  more.   Boil  for  about  eight  minutes,  add 


*ew  milHgrammea  of   solid  maDgAiious  sulphate,  and  1 
continue  tbo  boiling   two   minutea   longer.    Allow   the  ] 
precipitated   manganeso   dioxide    to    settle,    and    filter 
through  asbeetoa,  washing  with  hot  water.    Cool  the  solu- 
tion and  titrate  by  adding  first  an  excess  of  atandardinod 
ferrous  ammonium  sulphate  solution,  and  then  decinorraal 
potassium   permanganate   for   measuring   the  oxcosa   of 
ferrous  iron  added.    The  end  point  of  the  reaction  is 
easily  seen  even  in  solutions  containing  as  much  as  a   . 
decigramme  of  actual  chromium. 

The  smallest  excess  of  permanganate  converts  the  1 
clear  green  colour  of  the  chromic  sulphate  to  a  peculiar  | 
purplish  green. 


N 
I  cc.-,-  KMnO,= -001736  j 


■  10 


Chromium. 


Example  of  Cakulatiofi. 

In  an  actual  case,  50  cc.  of  ferrous  solution  (appruxim-  | 

ately  — )  were  added  to  the  filtrate,  and  the  excess  found  1 

to  correspond  to  9'8  cc.  of  potassium  permanganate  \^) 

The  50  cc.  of  ferrous  solution  were  found,  on  standardiz- 
ing, to  be  equivalent  to  -h^'i  cc.  of  the  permanganate. 
We  have  therefore  an  amount  of  chromium  corresponding 

N 
to   49'4    —   9*8   CO.    of    -    pormangaaate.     Hence   the 

chromium  from  2  grammes  of  itteel  amounts  to 
(49-4  -  9-8)  X  -001736  =  '0687  grammo 
Percentage  =  "0087  x  50  =  3-435. 
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Notes  and  Theoretical  CojisideratioTis. 

Very  few  poiata  call  for  speoiBil  notice  in  connectioiLJ 
with  the  analysia  of  high  speed  steels  as  just  described. 

it  most  frequently  happon^i  that  the  analyst  iscallod 
upon  to  estimate  only  tho  most  essentiivl  constituents  of 
a  high  speed  steel,  viz.:  carbon,  tungsten,  chromium 
and  (if  present)  molybdenum.  In  such  cases  the  rapid 
method  for  the  estimation  of  tungsten,  described  in  detail 
on  p.  164,  may  be  applied,  caro  being  taken  to  note  the 
presence  of  chromium  in  the  filtrate  from  the  sodium'' 
carbonate  fusion,  and  to  determine  its  amount. 

The  modified  form,  described  above,  of  tho  ordinary 
volumetric  process  for  estimating  chromium  calls  for  a 
brief  notice.  The  use  of  nitric  acid  in  effecting  complete 
solution  after  the  preliminary  treatment  with  dilute  sul- 
phuric acid  at  once  converts  the  iron  present  into  the 
ferric  condition,  and  thus  lessens  considerably  tho  amount 

permanganate  which  would  otherwise  bo  required,  and 
theprecipitatedoxidoof  manganese  is  filtered  more  readily 
after  this  treatment.  Tho  small  amount  of  manganese 
sulphate  added  just  before  filtration  is  for  the  purpose  of 
ensuring  tho  complete  decomposition  of  the  excess  of 
permanganate  added. 


2  KMnOi  4-  3  MnSO^  +  2  E^O  =  K^SO^  + 


^M      carried  out  by  means  of  a  suitable  anioiuit  ol  pure  bar 
^M      iron  dissolved  in  sulphuric  ncid  and  a  standard  soluli 

^M       of  potassium  bichromate. 


I 
I 


ANALYSIS  OF   PIG-IRON. 

Samplini!. 

Gray  irons. — In  these  tho  piga  ahould  be  broken,  &ni 
the  drilUnga  taken  from  different  parts  nf  the  fracture; 
the  danger  of  getting  into  the  sample  sand  from  the 
outside  of  the  pig  is  thus  reduced  to  a  minimum. 

Mottled  avil  whiU  irons. — These  may  either  be  drilled  1 
at  a  slow  speed,    with   a  drill  mado  from    high  quality  i 
water-hardoQiug    tuug.ston    steel,    qucuchod    out   nt   i 
moderate  red  heat,  or  small  pieces  of  tho  sample  may  be  1 
crushed  in  tho  stoel  mortar,  and  passcil  through  a  sieve 
of  sixty  meshes  to  the  inch. 


Dett'i-mination  of  Carbon. 

Total  r.arhon. — This  ia  determined  working  on  1 
gramme  of  the  sample,  exactly  as  described  for  steel  on 
p.  24,  but  tho  temperature  of  the  combustion  should 
be  as  high  as  possible,  to  ensure  burning  off  every  par- 
ticle of  the  graphite.  The  direct  combustion  alao  answers 
admirably  for  pig  irons. 

ic    carbon. — -This    is    determined    on  1    to  3 
[nos  of  tho  sample,   ia   the  manner  described    for 
he  weight  -i  grammes  has  reference  to 
e  irons.    In  highly  eilicioua  irons,  in  I 
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Notes  and  Theoretical  Cotisiderations. 

Very  few  points  call  for  special  notice  in  connection  1 
with  the  analysis  of  high  speed  steels  as  jaat  described. 

It  most  frequently  happena  that  the  analyst  is  called  1 
u]ion  to  estimate  only  the  moat  oaseotial  constituonta  of  I 
a  high  speed  steel,  viz. :   carbon,  tungsten,  chromium 
and  (if  present)  molybdenum.     In  such  cases  the  rapid 
method  for  the  estimation  of  tungsten,  described  in  detail 
on  p.  164,  may  be  applied,  care  being  taken  to  note  the  i 
presence  of  chromium  in  the  filtrate  from   the  sodium  | 
carbonate  fusion,  and  to  determine  its  amount. 

The  modified  form,  described  above,  of  the  ordinary 
volumetric  process  for  estimating  chromium  calls  for  a 
brief  notice.  The  use  of  nitric  acid  in  effecting  complete 
solution  after  the  preliminary  treatment  with  dilute  sul- 
phuric acid  at  once  converts  the  iron  present  into  the 
ferric  condition,  and  thus  lessens  considerably  the  a 
of  permanganate  which  would  otherwise  be  required,  and  J 
theprecipitfttedoxideof  manganese  is  filtered  more  readily  ] 
after  this  treatment.  The  small  amount  of  manganese 
sulphato  added  just  before  filtration  is  for  tho  purpose  of 
ensuring  the  complete  decomposition  of  the  excess  of 
permanganate  added. 


I 

I 


2  EMnO,  +  3  JfnSO,  +  2  H,0  -  K,SO,  + 
2  U^O,  +  5  MM,, 


earned  out  by  moan^  of  a  suitable  amount  of  pure  bar 
iron  dissolved  in  sulphuric  acid  and  a  standard  solutioa 
of  potassium  bichromate. 


ANALYSIS  OF  PIG-IRON. 

Samplimi. 

Grny  irons. — In  theHe  the  pigs  sliould  be  broken,  and 
the  drillings  taken  from  difierent  parts  of  the  fraoture; 
the  danger  of  getting  into  the  satTipIo  sand  from  tlie 
outside  of  the  pig  is  thna  reduced  to  a  miniinum. 

MotUe-l  tiinl  white  Iriyna. — These  may  either  bo  drilled 
at  a  slow  speed,  wil.h  a  drill  made  fi-oiti  high  quality 
water- hardening  tungsten  steel,  quenched  out  at  a 
moderate  red  heat,  or  small  pieces  of  the  sample  may  be 
crushed  in  the  steel  mortar,  and  passed  thningh  a  sieve 
of  sixty  inesheB  to  the  inch. 


Deti'rminatinn  of  Carlinn. 

Total  earhon.  — Thia  is  determined  working  on  1 1 
gramme  of  the  sample,  exactly  aa  described  for  steel  on 
p.  24,  bat  tho  temperature  of  the  combustion  should  | 
be  as  high  as  possible,  to  ensure  burning  off  every  par-  | 
tide  of  the  graphite.  The  direct  combustion  also  answers  ] 
admirably  for  pig  irons. 
graphitic    earhon. — This    ia    determined    on   1    b 

of  the  sample,  in   the  manner  described   for  J 

he  weight  3  grammes  has  reference  to  I 

"e  irons.     In  highly  silicious  irons,  in  ] 
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Notes  and  Theoretical  Cojmderations. 


Very  few  points  call  for  special  notice  in  oonneclioa 
with  the  analysis  of  high  apood  ateeU  as  just  deacribod. 

It  most  frequently  happens  that  the  analyst  is  called 
upon  to  estiuiato  only  tho  moat  esBtintinl  conatituenta  of 
a  high  speed  steel,  viz. :  carbon,  tungsten,  chromiam 
and  (if  present)  molybdenum.  In  such  cases  tho  rapid 
method  for  the  estimation  of  tungsten,  described  in  detail 
on  p.  164,  may  be  applied,  care  being  taken  to  note  the 
presence  of  chromium  in  the  filtrate  from  the  sodium 
carbonate  fusion,  and  to  determine  its  amount. 

The  modified  form,  described  above,  of  the  ordinary 
volumetric  process  for  estimating  chromium  calla  for  a 
brief  notice.  The  use  of  nitric  acid  in  effecting  complete 
solution  after  the  preUminary  treatment  with  dilute  sul- 
phuric acid  at  once  converts  the  iron  present  into  the 
ferric  condition,  and  thus  lessens  considerably  the  amount 

permanganate  which  would  otherwise  bo  required,  and 
the  precipitated  oxideof  manganese  is  filtered  more  readily 
after  this  treatment.  The  amall  amount  of  manganeso 
Iphate  added  just  before  filtration  is  for  the  purpose  of 
ensuring  the  complete  decomposition  of  the  excess  of 
pormaugauate  added. 


nnectioa  ^^H 

I 


a  KUnO, 


-  3  MnSO,  +  2Hp  =  K,SO,  + 
2B,SO,  +  6  J6«0,. 


^B  carried  out  by  means  of  a  suitable  amount  of  pure  bar 
^M  iron  dissolved  in  sulphuric  acid  and  a  standard  solution 
^M       of  potassium  bichromate, 


ANALYSIS  OF  PIG-IRON. 

Samplinij. 

Gray  irons. — In  these  the  piga  should  bo  broken,  and 
the  drillings  takon  froai  different  parts  of  the  fracture; 
the  danger  of  getting  into  tho  sample    sand    from   the  I 
outside  of  tho  pig  is  thna  reduced  to  a  minimum. 

Moltleil  and  whitn  irons. — These  may  either  be  drilled  I 
at  a  alow  speed,    wil.h   n  drill  mailo  froin   high  quality 
water- hardening    tungsten    steel,    quenched    out    at   i 
moderate  red  heat,  or  small  pieces  of  the  sample  may  be   I 
crushed  in  the  steel  mortar,  and  passoil  through  a  sieve    ■ 
of  sixty  meahoa  to  the  inch. 


Dfti'nninati'Vi  of  Carbon. 

Total  f-arhon. — This  is  detorminod  working  oi 
gramme  of  the  sample,  exactly  as  described  for  steel  on  { 
p.  24,  bat  the  temperature  of  the  combustion  should  I 
be  as  high  as  possible,  to  ensure  burning  off  every  par- 
ticle of  the  graphite.  The  direct  combustion  also  answers 
admirably  for  pig  irons. 
^raphitio  carbon. ^This  is  determined  on  1  to  3  ' 
i  of  the  sample,  in  the  manner  described  for  I 
he  weight  3  grammes  has  reference  to  j 
'6  irons.    In  highly  aiiicioua  irons, 
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naection  ^^| 
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Noten  and  Tkeorctiml  Coiis (derations. 

Very  few  points  call  for  special  notice  in  conaection 
with  the  analyais  of  bigli  speed  steels  as  just  described. 

It  moat  frequently  happens  thnt  the  analyst  is  called 
upon  to  estimate  only  the  most  easontiivl  constituenta  of 
a  high  speed  steel,  viz. :  carbon,  tungsten,  chromium 
and  (if  present)  molybdenuui.  In  such  caaes  the  rapid 
uiolhod  for  the  estimation  of  tungsten,  described  in  detail 
on  p.  IG4,  may  be  applied,  care  being  taken  to  noto  the 
presence  of  chromium  in  the  filtrate  from  the  aodium 
carbonate  fusion,  and  to  determine  its  amount. 

The  modified  form,  described  above,  of  the  ordinary 
Tolametric  process  for  estimating  chromium  calls  for  a 
brief  notice.  The  use  of  nitric  acid  in  effecting  complete 
solution  after  the  preliminary  treatment  with  dilute  sul- 
phuric acid  at  once  converts  the  iron  present  into  the 
ferric  condition,  and  thus  lessens  ceusiderably  the  amount 
of  permanganate  which  would  otherwise  be  required,  and 
the  precipitated  oxideof  manganese  is  filtered  more  readily 
after  this  treatment.  The  euiall  amount  of  uiangaQose 
aulphiito  added  just  before  filtration  is  for  the  purpose  of 
ensuring  the  complete  decomposition  of  the  excess  of 
permanganate  added. 

2  H^0^  +  5  ifnO^. 

Needless  to  say,  the  titration  of  the  chrominm  t 
earned  out  by  means  of  a  suitable  amount  of  pure  bar 
iron  dissolved  in  sulphuric  acid  and  a  standard  solution 
of  potaaaium  bichromate. 


ANALYSIS  OF  PIG-IRON. 

Samplinif. 

Gray  irons. — In  tliese  tUo  piga  should  bo  broken,  aod 
the  drillings  taken  from  diOerent  parts  of  the  fracture; 
the  danger  of  getting  into  the  samplQ   aand   from  the  j 
oataido  of  the  pig  is  thus  reduced  to  a  minitiium. 

Mottleit  and  white  iVojin. —These  may  either  be  drilled  ) 
at  a  slow  speed,  with  a  drill  made  from  high  quality 
water-hardening  tungstun  steel,  quenched  out  at  a 
moderate  red  heat,  nr  Hinnll  pieces  of  the  sample  may  be 
crashed  in  the  steel  mortar,  and  passed  through  a  sieve 
of  sixty  meahee  to  the  inch. 


L 


Deter minatinn  of  Carhoii. 

Total  rwrfioT*.— This  ia  determined  working  on  I  i 
gramme  of  the  sample,  exactly  as  described  for  steel  on  I 
p,  24,  but  the  temperature  of  the  combustion  should  | 
be  as  high  as  possible,  to  enaure  burning  off  every  par- 
ticle of  the  graphite.  The  direct  combustion  also  answers  | 
admirably  for  pig  irona, 

Qraphitic  carbmi. — This  is  determined  on  1  to  1 
grammes  of  the  sample,  in  the  manner  described  for 
steel  on  p.  52,  the  weight  3  grammes  haa  referpnce  to 
faintly  mottled  white  irona.     Id  highly  ailicious  iro 
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which  the  silica  is  not  completely  aolublo  in  dilute  nitric 
acid,  it  is  necessary  to  make  the  preliminftry  solution  in 
hydrochloric  acid  evaporttte  to  drynoas,  take  up  in  hydro- 
chloric acid,  and  collect  the  total  residue  on  the  asbestoa 
plug.  The  latter  is  washed  free  from  iron  with  hydro- 
chloric acid  and  wator,and  is  then  treated  with  moderately 
atrrtug  caustic  potash  solution  to  dissolve  up  most  of  the 
Hilica.  The  residual  graphite  is  then  washed  with  hydro- 
chloric acid  and  water  till  free  from  potash.  The  fore- 
going procedure  is  necessary,  because  gelatinous  silica, 
as  separated  from  nitric  acid  solution,  would  clog  up  tho 
Biter  to  such  an  extent  that  the  filtmtiou  might  occupy 
several  hours.  The  result  may  l»i!  a  little  high  owing  to 
the  presence  with  the  graphilo  of  traces  of  unevolvotl 
combined  carbon. 

Combined  carbon. — This  may  be  estimated  by  colour 
in  tho  manner  described  for  graphite  steels  on  p.  50.  It 
is,  however,  most  accurately  measured  by  deducting  the 
percentage  of  graphite  by  combnstion  from  that  of  the 
total  carbon. 

Tho  estimation  of  the  remaining  elements  found  in 
pig-irons  will  be  dealt  with  under  separate  headings, 
having  roforonce  roapoctively  to  the  cases  of  nou-titanio 
and  titanic  metals. 


Analysis  op  Nok-Titanic  Ibohs. 
Determination  of  Silicon. 


I 


This  is  carried  out  much  in  the  same  manner  as  that 
described  for  steel  on  p.  65,  but,  as  a  rule,  only  I  gramme 
need  be  taken  for  analysis.  ^ 


METALS  ■ 

Boiling  the  ingolithle  residue  with  aqua  regia.- — -After 

r  taking  up  the  eolnble  portion  of  the  cake  roBulting  from 

the  evaporation  of  the  origintil  hydrochlorio  acid  solution 

to  dryneaa  in  50  cc.  of  strong-  UCl,  10  cc.  of  strong  nitric 

acid  arc   also  addod,  and    tho  liquid  is  boiled  down   to 

L  25  cc.  before  diluting  for  filtration.    This  precaution  is 

I  taken  to  decompose  and  render  soluble  some  compound 

*  of  iron  which,   particularly   in   the   case   of  phosphoric 

irons,  is  apt  to  obstinatclj  attach  itself  to  the  graphite 

and  silica,  the  consequence  being  that  the  final  residue  is 

impure,  and  red  with  oxide  of  iron  after  ignition. 

Washing. — The  washing  of  the  residue  also  must  he 

Tery  thorough,  the  silica  and  graphite  on  the  filter  being 

repeatedly   treated   alternately   with    fairly   strong,  hot 

(hydrochloric  acid  and  cold  water  till  every  trace  of  iron 

\  is  removed. 

Igniting.— "Vha  ignition  in  the  case  of  graphitic  iron 
usually  occupies  at  least  20  minutes  in  a  hot  muffle  before 
the  last  traces  of  graphite  are  burnt  off.  The  final  residue 
ahould  be  snow-white,  and  quite  free  from  gray  patches 
or  any  red  tinge. 


The  "  NiTEio-SoLPHDRic  Acid  Peocesh."    (Drown.) 
(Time  occupied,  about  l^  hours.] 

In  this  method  tho  pig  iron  or  steel  is  opened  out 
with  a  mixture  of  nitric  and  sulphuric  acids  with  water. 
A  stock  mixture  may  bo  mado  up  by  adding  to  1,000  cc. 
of  water  about  250  cc,  of  strong  sulphuric  acid  and 
450  cc.  of  strong  nitric  acid. 
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The  Process. 

Weight  taken. — In  the  case  of  pig  irons,  weigh  off 
1  gramfue,  transfer  to  a  20  oz,  beaker  and  add  about 
25  CO.  of  the  above  mixture.  For  ateela  tlio  usaal  weight 
of  4"67  grammes  are  treated  in  a  40  ob.  boaker  with  80 
fco  90  cc.  of  the  nitro-sulphuric  acid  mixture. 

Evaporation,  etc. — Immediately  after  the  firet  violent 
action  has  subsided,  place  the  boaker  in  the  middle  of  tho 
plate  and  evaporate  aa  quickly  aa  possible.  It  is  often 
possible  to  evaporate,  without  any  spitting,  to  the  copious 
evolution  of  thick  fumea  of  sulphur  trioxide  indicating 
the  end  of  the  operation.  If,  however,  tho  yellow  solid 
mass  is  projected  from  the  bottom  of  the  beaker  before 
tlie  appearance  of  SO^  fumes,  the  beaker  must  be  removed 
to  the  corner  of  the  plate  and  the  cover  removed.  The 
heating  must  then  be  continued  at  the  lower  tempera- 
ture, the  beaker  being  gradually  pushed  towards  thi 
centre  of  the  plate,  a  httle  at  a  time  accordingly 
found  safe  to  do  so. 

Digtolving, — When,   as  stated  above,  thick  choking 
fames  of  sulphur   triosido   are   copiously    evolved,    the 
beaker  is  removed  anil  allowed  to  cool  slightly.  When  the 
bottom  is  still  too  hot  to  be  touched  by  tho  fingers  except 
momentarily,  hot  water  is  added  from  tho  wido  end  of 
the  wash  bottle;  the  cover  being  slightly  pushed  ^aside 
for   this   purpose.     For  pig   irons  add   water  to  aboi 
20  CO.,  and  then  10  to  15  cc.  of  strong  hydrochloric  acii 
in  the  case  of  steels  add  water  to  about  50  cc,  and  th< 
30  to  40  cc,  of  the  strong  acid.    Boil  up  well  to  dissoli 
the  cake  of  ferric  sulphate. 

filtration,  ete, — The  filtration  and  washing  are  tb( 
conducted  with  the  precautions  specified  already. 


1 


r 


Theoretical  Consideratioiis. 


These  call  for  very  littie  treatment.  Tho  iron  U  of 
conrse  at  once  converted  to  a  ferric  Halt  by  tbe  acid 
mistare  used.  The  subsequent  draBttc  oraporatiun  com- 
pletely expels  every  trace  of  oitric  wid  and  wntur,  and 
the  strong  sulphuric  acid  finally  dohydratoH  tho  iiiliuio 

IACtd  yielding  insoluble  sitica. 
This  reaction  corresponds  to  the  one  brought  about  in 
the  hydrochloric  acid  method  by  baking  tho  dry  rvnduD 
of  chlorides. 


Determination  of  Majiffanese. 


This  is  estimated  by  the  ammoniam  acetate  procMW  in 
the  manner  described  for  siticiouii  r>teclH  on  p,  82,  or  by 
the  modification  of  it  dencribcd  ander  the  OMtimntioii  of 
nickel,  or  more  rapidly  atill  by  tho  bixmuthalc  iirooonit 
after  filtering  ofi'  the  graphite. 


Determination  of  Sulphur. 

This  is  determined  by  tho  aqua  rcgia  procOHs,  oxaotly 
as  described  for  steel  on  p.  lOH. 


Deter iniiiation  of  P/iospftorus. 

This  point  requires  from  tho  analyst  careful  considera- 
tion as  to  the  weight  of  metal  to  be  eniployod  for  the 
analysis,  because,  although  0'1%  phosphorus  is  a  some- 
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whttt  high  percentage  to  occur  in  steel,  in  the  case  of 
pig-iron  as  mucli  as  4^/  of  the  element  maj  be  present 
in  irons  to  be  converted  into  stoel  by  the  basic  process. 
The  aathors  are  of  opinion,  that  when  the  metalloid  is  to 
be  weighed  as  ammomo-phospho-motvbdate,  a  quantity 
of  drillings  yielding  not  more  than  about  O'S  gramme  of 
precipitate  should  be  weighed  out,  otherwise  the  yellow 
oomponnd  may  not  be  strictly  to  formula.  The  followiug 
table  will  form  a  rough  guide  as  to  the  weight  of  metal 
oODTeoiently  taken  for  every  class  of  pjg-irou,  from 
Swedish  pigs  smelted  from  Daunemora  magnetite  to  the 
most  impure  iron  reduced  from  the  deposits  of  brown 
hematite  occurring  in  North  Lincolnshire  and  North- 
amptonshire. 


WBlgbttalBBfM-Miallrill. 

is^ 

ProasH. 

PrcotM.                I 

iid)'bdu& 

OombinML 

MDljbdMfl. 

ComblnMl 

•400 

— 

0-26 

_ 

0-082 

200 

020 

050 

0-31 

0032 

100 

050 

100 

0-31 

0032 

0-50 

1-00 

2-00 

0-31 

0032 

0-25 

2-00 

4-00 

0-31 

0032 

010 

3-00 

600 

018 

0021 

005 

4-00 

8-00 

012 

0014 

002 

5-00 

1000 

0-06 

0007 

In  the  "  lead  molybdate  "  process  the  same  weight  t«f 
for  steels  is  taken  for  percentages  of  phosphorus  up  to 
O'l.  Between  "1  and  '5^,  one  gramme  is  sufficient,  and 
near  the  upper  limit  it  is  advisable  to  introduce  a  further 
alteration.     When  the  yellow  precipitate  is  dissolved  in 
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I  Btumonis,  the  filtrate  should  be  made  up  to  a  defisite 

'  volume  and  a  fractional  part  of  this  carried  forward. 
The  highest  percentages  demand  correspondingly 
smaller  amounts  of  drillinga,  together  with  the  fractiona- 
tion of  the  ammoniacal  solution  of  the  yellow  precipitate. 
The  graphite  should  he  filtered  out  after  the  preliminary 
solution  of  the  drillings  in  1'20  nitric  acid. 

In  chemical  analysia  it  fihould  always  be  borne  in  mind, 
that  although,  ecrteTi'ii  paribum,  a  heavy  precipitate  reduces 
the  errors  of  analysis,  there  are  often  other  considerations 
to  take  into  account,  such  as  the  bulk  of  the  precipitate 

;    to  be  dealt  with  with  reference  to  convenience  as  to  filtra- 

I  tion,  thorough  washing,  ignition,  etc. 


The  Processes. 

These  differ  little  from  those  described  for  the  analysis 
of  stoel  by  the  long  molybdate  and  combined  methods 
respectively  dealt  with  on  pp.  139,  lU.  It  is,  however, 
absolutely  necessary,  after  dissolving  up  the  dry  oxide  of 
iron  in  hydrochloric  acid,  to  again  evaporate  to  dryness, 
and  take  up  in  hydrochloric  acid,  thus  rendering  the 
silica  insoluble  before  diluting  the  liquid  and  filtering 
off  the  silica  and  graphite,  otherwise  the  gelatinous  silica 
will  seriously  clog  the  filtration  of  the  solution  ultimately 
to  be  neutralized  and  reduced  in  the  preliminary  process 
described  on  p.  133,  in  which  it  is  of  course  neceBsary  to 
add  sufficient  ferric  chloride  to  precipitate  the  whole  of 
the  phosphoric  acid  as  ferric  phosphate,  together  with 
some  basic  peracetate  of  iron. 

The  case  of  the  lead  molybdate  process  has  already 
been   dealt  with.    The  authors  do  not  recommend  the 
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ralunetric  method  for  pig-irona  uolesB  they  cootaia  small 
wnooBts  of  phoaphorus,  when  tLe  method  described  for 
stec4a  can  be  strictly  followed  after  removing  the  graptifa 
by  6lti%tioiL 


J}ttmfmmation  of  Phospfurrus  in  Chrome  pig-irom 

In  lie  case  of  chrome  pigs  the  preliminary  solntiond 
the  iroD  ahoald  be  made  in  aqua  regia,  because  nitric  a 
iMves  a  larg«  insoluble  metallic  residue  possibly  < 
taiiuBg  phoephoms.    There  is  usually  also  some  inaolan 
metellio  recddne  after  the  evaporation  with  aqaa  re^ 
but  it  is,  as  a  rule,  free  from  phosphorus. 


Determination  of  Chromium. 

Sampling. — The  chromium  in  specially  smelted  chrome 
pig-iron  nsually  occurs  alloyed  in  proportions  of  from  6 
to  12V.  These  irons  are  generally  white,  and  perfectly 
olcaa-broken  fragments  fi-om  the  pigs  must  be  cnished 
and  passed  through  a  sieve  of  90  meshsB  to  the  inch 
before  using  for  analyaia, 

Method  of  estimation. — If  the  iron  is  low  in  phos- 
phorus the  chromium  is  best  determined  by  the  gravi- 
metric hydrate  method  described  for  steel  on  p.  166.  If, 
however,  the  pig  is  phosphoric,  the  chromium 
estimated  as  phosphate  by  the  process  given  on  p.  I73a 


Determination  of  Copper. 


^P  Copper  is  determined  by  tbe  volumetric  process  de- 
scribed for  tungsten  steels  on  p.  217,  or  by  tlie  gravi- 
metric process.  In  the  latter  method,  it  is  not  neceasary 
to  ignite  the  first  precipitate  to  the  complete  oxidation  of 
the  graphitO)  if  after  treatment  of  the  ignited  residue 
with  SCI,  the  graphite  be  removed  by  filtration  and  the 
copper  determined  in  the  filtrate  volumetric  ally. 


Determination  of  Arsenic. 


I  Arsenic  is  determined  in  pig-irons  by  the  method 
applied  to  the  case  of  steels  on  p.  155  after  certain  pre- 
liminary operations.  Dissolve  6  grammes  in  1'20  nitric 
acid,  evaporate  to  dryness,  diaaolvo  in  cold  hydrochloric 
acid,  dilute  to  300  cc.  and  filter  otf  250  cc.  from  the 
graphite  and  silica.  Neutralize  and  reduce  nith  sulphnr- 
oaa  acid,  boil  oflf  the  excess,  cool  rapidly,  add  10  cc,  of 
hydrochloric  acid  and  theu  the  zinc  sulphide.    Collect  the 

I  arsenic  sulphide  and  proceed. 


AHALveis  OP  Titanic  Piq-iboiib. 


Determination  of  Silicon. 

In   irona  containing  titanium,   some  TVO^  is  usually 

fooiid   with  the  ignited  silica.    This  impurity  must  be 

,    aeparated  by  thoroughly  fusing  the  residue  in  a  platinum 
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follows :  the  ignited  residue  of  silica  and  phoaph  old  tana  te 
of  iron  from  which  the  graphite  has  been  burnt  off,  is 
fused  with  an  excess  of  Na^CO^,  the  fusion  being  extracted 
with  hot  water  and  filtered;  the  filtrate  from  the  in- 
soluble titanate  of  sodium  and  oxide  of  iron  will  contain 
the  phosphorus  in  solution  as  sodium  phosphate.  The 
clear  liquid  is  made  slightly  acid  with  HCl,  and  a  few  cc. 
(say  two  to  ten,  according  to  the  richness  of  tho  iron  in 
phosphorus)  of  the  standard  solution  of  ferric  chloride 
referred  to  on  p.  132  are  added.  Tho  acid  liquid  is 
heated,  made  alkaline  with  ammonia,  and  boiled.  The 
precipitated  phosphate  of  iron  is  filtered  off,  washed  with 
hot  water,  dissolved  in  HCl,  and  the  solution  is  evaporated 
to  dryness.  The  dry  residue  is  taken  np  in  hydrochloric 
acid,  and  the  insoluble  silica  is  filtered  off;  the  filtrate 
containing  the  phosphoric  acid  is  added  to  the  main  soln- 
tion,  in  which  the  phosphorus  is  then  determined  as  usual. 


ANALYsia  OP  Spieoeleiben  and  Ficero-Manoanese. 

These  always  consist  essentially  of  iron,  manganese, 
and  carbon,  but  also  contain  on  an  average  0"75^  8i, 
0-02%  iS,  0-25%  P,  and  often  a  little  copper.  These  four 
elements  aro  estimated  by  tho  respective  methods  de- 
scribed for  steel  on  pp.  65,  117,  143,  211.  The  term 
Spiegeleisen  (German,  looking-glass  iron)  is  usually  con- 
tracted to  Spiegel,  and  denotes  an  alloy  having  a  fracture 
consisting  of  large  bright  platos,  and  containing  up  to 
about  30^  of  mangtino.so.  When  the  percentage  of  this 
met»l  rises  much  above  this  quantity  the  alloy  assumes  a 
granular  fracture,  and  is  then  known  as  ferro- manganese. 
In  these  alloys,  as  a  rule,  the  cnrbon  rises  with  the  per- 
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centage  of  manganeee,  so  that  in  Spiegel  containing 
aboat  15^^  Mn  the  carbon  is  ueaally  about  4'25%.  In 
ferro-manganeae  containing  about  50%  Mn,  the  carbon 
averages  6'5%,  and  in  an  alloy  containing  80%  Mn  the 
carbon  approKimales  6'75%.  In  Spiegel  the  carbon  exiata 
aa  a  doable  carbide  of  iron  and  manganese,  in  rich  ferrtK 
manganese  as  carbide  of  manganese. 


Determination  of  Carbon. 


The  carbon  should  bo  estimated  by  combustion,  either 
by  the  method  described  for  eteet  on  p.  29  ei  seq,,  or  by 
the  direct  method  in  a  current  of  oxygen,  the  powdered 
alloy  alone  being  used  in  the  case  of  spiegels,  and  mixf 
with  rod  lead  in  the  case  of  richer  alloys. 


Indirect  Estimation  of  Manganese. 


Bell- organized  Bessemer  and  open-hearth 
a  large  quantities  of  Spiegel  and  ferro- 
i  usual  to  approximately  check 
^oys  before  unloading  from  the 
J  yard,  Hunce,  a  delivery 
1  in  a  day,  necessitating 
Tinations. 
-.  each  truck  six  bright  pieces 
a  big  as  a  walnut.  These  pieces  are 
iSfi-Jiii  fiaira,  and  representative  portions  from  each 
"*-  lire  crushed  up  together  in  a  steel  mortar,  passed 
f  ^"^J'l  a  sieve  of  ninety  meshes  to  the  inch,  and  the 
inaoluDi.jjg  obtained  is  placed  in  a  dry,  numbered  sample  ^ 
in  the  on  ■ 


I 
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tabe.    Thus  on  the  contents  of  each  truck  three  deter- 
minations are  made,  and  an  average  assay  of  the  six  : 
samples  is  obtained. 


The  Process. 

(Time  occupied,  abont  |  hour.) 

Weight  taken. — Weigh  out  into  a  clean,  dry  10-OZ. 
flask,  exactly  0'5  gramme  of  the  sample. 

Sigsolving. — -Add  100  cc.  of  pure  dilute  sulphuric  acid, 
one  in  tsDvon,  cover  the  flask  with  a  watch-glass,  bring 
the  Hquid  to  boiling,  and  keep  it  so  for  twenty  minutes, 
or  till  the  alloy  has  completely  dissolved,  and  no  further 
evolution  of  hydrogen  is  observed. 

T-itrating  the  iron. — Rinse  the  watch-glass,  and  deter- 
mine the  percentage  of  iron  present  by  titrating  the 
solution  of  FeSOf  in  the  manner  described  on  p,  85  with 
the  standard  bichromate  specified  on  p.  222.  Each  cc. 
required  =  1%  Fe. 

Calculating  tlm  manganese  hy  ilifference. — To  the  per- 

■  oentage  of  iron  obtained  add  the  average  percentage  of 

elements  other  than  iron  and  manganese  (as  indicated  in 

the  following  table),  dednct  the  sum  from  100,  and  the 

difference  is  the  approximate  percentage  of  manganese. 


Zft. 

SamoJlhoSof 

X  «». 

12-5 

7-5 

80'0 

28-0 

7-0 

650 

43-5 

6-5 

500 

590 

60 

350 

79-5 

5-5 

150 

85-0 

6-0 

10-0 
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Example. — The  aulphuric  acid  solution  of  0"5  gramme 
of  ferro-manganeao  required  46'8  ec.  of  the  standard 
bichromate  to  completely  oxidize  tho  iron  to  ferrio  sul- 
phate:  then  46-8  +  65  =  53-3,  and  100  —  53-3  = 
46'7%  Mil.  It  will  be  obviouB,  that  the  results  thaa  ob- 
tained are  always  liable  to  two  sourcesof  error,  namely,  the 
percentage  of  impurities  may  vary  somowliat,  giving  a  + 
or  —  error,  and  some  aolid  carbonaceous  flocks,  and  un- 
evolved  greasy  hydrocarbons,  which  always  remain  in  the 
flaak,  have  a  slight  reducing  action  on  the  bichromate, 
thufl  producing  a  —  error.  However,  tho  authors'  ex- 
perience of  the  process  has  been,  that  the  percentages  of 
manganese  registered  are  seldom  more  than  1°^  from 
the  truth,  an  error  of  no  groat  practical  importance  to 
the  steel- maker. 


Volumetric  Determination  of  Manifnnese  in  Spiei 

and  Ferro-manganese  (PattinsoTi). 

Re-agents  required. 

Standard  solution  of  K^Cr/)-,. — This  is  made  up  in 
manner  described  on  p.  84  bydiaBolviug  89225  grammes 
of  the  salt  in  1000  cc.  of  water.  The  solution  is  stand- 
ardized in  the  manner  described  on  p.  85  by  titrating  a 
dilute  sulphuric  acid  solution  of  O'Sl  gramme  of  Swedish 
bar-iron,  which  should  require  exactly  50  co.  of  the 
bichromate  to  perozidizc  it. 

CaCOj  diffuaeii  in  water. — Place  in  a  Winchester  quart 
250  grammes  of  pure  precipitated  chalk ;  add  two  btres 
of  distilled  water,  and  well  shake  the  bottle  before  pour- 
ing off  into  a  beaker  a  portion  of  tho  white  fluid  aa 
required  for  use. 


j 

mes      ■ 
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The  Process  for  Spiegeleisen. 

Weight  taken. — Weigh  out  into  a  20-oz.  covered 
beaker  05  gramme  of  the  finely-divided  alloy.  Also 
weigh  out  into  a  dry  12-oz.  very  wide-necked  flask  0"51 
gramme  of  standard  Swedish  iron. 

Difsohnng. — Pour  down  the  lip  of  the  beaker  25  cc.  of 
strong  HCl,  and  gently  boil  on  the  plate  till  the  metal 
has  all  passed  into  solution,  then  add  1  cc.  of  strong  nitric 
acid,  boil,  and  finally  evaporate  quietly  to  a  very  low 
bulk  (not  more  than  b  cc). 

Neutralizing, — Remove  tho  beaker  irom  the  plate, 
carefully  rinse  the  cover  and  sides  of  the  vessel,  replace 
the  former,  and  bttle  by  little  pour  down  the  lip  of  the 
beaker  the  water  containing  chalk  in  suspension,  con- 
stantly shaking  round  the  solution  till  the  free  acid  is 
neutralized  and  a  faint  red  permanent  precipitate  remains. 

Oxidizing  and  precipitating  hydrated  MnO^. — Next  add 
50  cc.  of  a  saturated  aqueous  solution  of  bromine,  and  then 
300  cc.  of  nearly  boiling  distilled  water;  then  little  by 
httle,  with  constant  stirring,  add  a  few  cc.  of  the  chalk 
and  water,  till  on  the  neutralization  of  the  hydrobromio 
acid  a  bulky  brown  precipitate  is  obtained. 

JiKliering  and  wnghing  the  pTecipitate. — Collect  the 
hydrate  on  a  3-in.  ribbed  funnel  containing  a  thick  Ger- 
man paper,  cut  so  as  to  project  very  shghtly  over  the 
edge.  Every  particle  of  precipitate  is  washed  from  the 
rod  and  beaker,  and  the  filter  and  its  contents  are  most 
thoroughly  washed  with  a  jet  of  nearly  boiling  water  UU 
quite  free  from  hypobromites,  etc. 

Titrating. — At  the  commencement  of  the  washing,  add 
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to  the  flaak  coBtaining  the  iroD  a  mixtnre  of  10 
strong  H.^SO^  and  00  cc.  of  water,  and  boil  the  covered 
Sasb  on  the  plate  till  the  last  particle  of  iron  ba»  dis- 
Bolved.  Remove  from  the  plate,  rinse  the  cover,  and  very 
cantioDsly  slide  bodily  into  tbe  acid  solution  of  I^SO^  the 
paper  contaiDing  tbe  manganic  precipitate.  Shake  round 
the  contents  of  the  flask  till  the  paper  ia  in  pulp,  and  tho 
dark  precipitate  has  entirely  dissolved.  The  amount  of 
unosidizod  iron  is  then  determined  in  the  usual  manner 
by  the  standard  solution  of  bichromate  and  tho  ferri- 
oyanide  indicator.  The  number  of  cc.  required  sub- 
tracted from  50  gives  the  percentage  of  manganese 
sent. 

Example.' — A  sample  of  German  spiegel  required 
cc.  of  the  standard  solution;  therefore,  50  —  35 
14'8^  manganese. 


Tlieoretical  Considerations. 


sub-  ^m 

il 
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The  general  principles   involved  in  this  process  are 
almost  identical  with  those  fully  dealt  with  in  describing 
the  Ford  and  Williams  method  for  the  volumetric  estim^  i 
tion  of  manganese  in  ateel  on  p.  83.  ■ 

The  last-named  process  may  indeed  be  used  for  spiegel,!! 
but  not  for  ferro- manganese.  But  when  dealing  with 
such  highly  maDgaDifcroue  alloys,  Pattinsou'a  process  ia 
to  be  preferred,  Tbe  oxidation  of  the  manganous  oxide 
to  the  hydrate  of  the  peroxide  is  brought  about  in  the 
neutral  solution  by  the  bromine  water,  but  tho  metal  is 
only  entirely  thrown  down  in  tho  form  of  hydroted  dioxide 
in  a  hot,  dilute  solution,  containing  a  considerable  exoeu  i 
of  ferric  iron ;  the  latter  condition  ia  of  course  alwftjl 


resent  in  tlie  case  of  spiegel.  If  the  precipitate  is  not 
l^freed  by  thoroagh  washing  from  bromine  and  calcium 
■Itypobromite,  these  subatancos  wil)  oxidize  the  iron,  be 
■  Tegiatered  as  MnO.^  and  so  give  a  high  result. 
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The  Process  for  Ferro-manganese. 

Two  slight  but  essential  alterations  must  be  made  in 
the  foregoing  process  when  dealing  with  very  rich  man- 
ganese alloys.  Firstj  in  order  to  ensure  the  presence  of 
sufficient  iron,  only  0-25  gramme  of  the  alloy  is  weighed 
out  for  the  analysia,  and  the  fin ely-divi tied  metal  is  dis- 
jKlred  up  with  the  addition  of  half  a  gramme  (weighed 
roughly)  of  Swedish  iron.  To  allow  for  the  manganese 
present  in  the  latter,  0"2'^  (  =  0"1^  in  eachO'25  gramme} 
must  be  deducted  from  the  percentage  registered.  Second, 
as  only  0"25  gramme  of  alloy  is  employed  for  the  assay, 
the  result  obtained  must  be  multiplied  by  two. 

Example. — On  titration,  a  sample  of  rich  ferro-man- 
juired  9'8  of  bichromate  solution,  then  50  — 
40-2  and  (40-3  X  2)  -  0-2  =  80-2%  Mn. 


Tub  Bismothatk  Process. 

The  bismiithate  process  of  manganese  alloys  is  doubt- 
less the  most  rehablo  of  all,  and  may  be  worked  in  very 
little  more  time  than  it  occupies  when  applied  to  steel. 


17u'  Process. 


I      Weight  taketi. —  For  spiegol  weigh  off  0*55  gramme. 
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Dissolving,  etc, — Add  60  cc.  cf  nitric  aoid  (1"20)  and 
boil  until  decomposed.  Sodium  bismuHiHte  is  then  added 
a  little  at  a  time  until  the  carbonaceous  matter  has  been 
destroyed  and  a  permanent  precipitate  of  manganese 
dioxide  ia  obtained.  The  latter  is  then  just  taken  into 
solution  with  aulphurons  acid  and  the  whole  liquid  rinsed 
into  a  250  co,  flaakj  cooled  and  diluted  to  the  mark. 

Oxidation,  etc. — 60  cc.  of  the  solution  are  measured 
off  and  mixed  with  30  cc.  of  nitric  acid  s.g.  1'20,  The 
mixture  ia  then  shaken  with  2  grammes  of  aodiora  bis- 
muthate,  and  the  assay  completed  exactly  as  described 
under  the  corresponding  process  for  steels  on  p.  90,  ex- 
cept that  the  filtrate  and  washings  should  be  copiously 
dilated  with  water  before  titrating. 

In  the  subsequent  calculation  it  must  be  remembered 
that  the  weights  represented  by  the  amount  of  solution 
oxidized  are  O'll  gramme  for  spiegel  and  0'055  grami 
for  ferro-mangancse. 


Notes. 


Comparatively  large  amounts  of  bismuthate  will  be  used' 
up  in  destroying  the  carbon  in  the  hot  solntion  on  account 
of  the  large  amount  of  this  clement  contained  by  rich 
manganese  alloys. 

A  considerable  excess  of  free  nitric  acid  is  purposely 
added  to  the  Bolution  before  the  addition  of  bismuthate. 
Neglect  of  this  would  result  in  an  incomplete  oxidation, 
part  of  the  manganese  being  oxidized  to  ilvO^  only,  and 
this  would  be  left  on  the  filter. 

After  washing  the  filler  with  the  dilute  acid  until  the 
washiogs  are  colourless,  it  is  generally  found  that  the  re- 
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^M  ndae,  afler  allowing  to  atanil,  will  again  yield  coloured 
^P  washiags.   The  amoant  of  manganese  thus  loft  behind  is, 
however,  negligible,  representing  at  the  moat  only  three- 
tenths  of  a  cc.  of  decinormal  permanganate. 

The  preliminary  decomposition  of  the  alloy  may  in 
some  cases  bo  difficult  to  effect  with  nitric  acid.  Silioo- 
spiegels,  for  instance,  are  not  readily  decomposed  in  the 
manner  specified.  In  such  cases  Bulphurio  acid,  with  the 
addition  of  hydrofluoric  acid  from  time  to  time  to  decom- 
pose silica,  is  used  instead,  and  1'20  nitric  acid  subse- 
quently added  before  the  oxidation. 


iG^avimeiric  Detei-mination  of  Manganese  in  Spiegel 
and  Ferro-manganese. 

(Time  occupied,  about  I  day.) 

W<ngkt  taken. — Weigh  out  into  a  20-oz.  breaker  0'5 
■  gramme  of  Spiegel  or  0"2  gramme  of  ferro-manganese. 
1  To  the  latter  it  is  convenient  to  add  about  ^  gramme  of 
i    Swedish  iron. 

Dissolving. — IMasolve  the  metal  by  boiling  with  25  cc. 
I  of  strong  HOI,  then  add  1  cc.  of  strong  nitric  acid,  boil 
well,  and  dilute  to  200  cc.  with  nearly  boiling  water. 

Neutralizing  and  precipitating  the  iron. — The  aolutioa 
is  neutralized  with  dilute  ammonia,  and  the  iron  pre- 
cipitated with  20  cc.  ammonium  acetate  in  the  manner 
described  on  p.  72,  but  in  the  present  caae  fractional 
filtration  is  not  employed, 

Re-diesolving  and  re-predpitating  the  iron. — The  basic 
ferric  acetate  ia  collected  on  a  German  paper  {previously 
well  washed  with  hot  dilute  HCl  and  water)  contained  in 
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a  3-iD.  ribbed  funnel.  The  beaker  is  well  washed  out,  and 
the  precipitate  ia  allowed  to  drain,  the  filtrate  being 
received  in  a  clean  40-oz.  beaker.  The  funnel  containing 
the  iron  is  next  supported  on  a  hanger  inside  the  beaker 
in  which  the  precipitation  took  place,  and  ia  re-diseolvod 
in  the  smallest  possible  quantity  of  hot  HCl,  the  paper 
being  washed  in  cold  water  till  free  from  any  yellow 
tinge.  The  acid  solotion  of  ferric  chloride  is  boiled  down 
to  about  15  cc,  when  the  liquid  ia  diluted,  neutralized, 
and  the  iron  is  precipitated  exactly  aa  before.  The  fil- 
trate is  added  to  that  containing  tlte  bulk  of  the  man- 
ganese (which  should  in  the  meantime  have  been  quietly 
boiled  down).  The  beaker  is  well  rinsed  out,  and  the 
precipitate  is  alightly  washed  with  hot  water. 

Precipitating  tho  /iwMii^anese.— The  two  filtrates  are 
boiled  down  to  about  200  cc.  to  separate  traces  of  iron, 
and  the  liquid  is  filtered  into  a  30-oz.  registered  flask; 
the  manganese  is  then  precipitated  from  tho  cold  solu- 
tion with  bromine  and  ammonia  exactly  aa  described  on 
p.  73. 

Ignititi'j,  weighing,  etc. — When  the  solution  ia  crystal 
clear,  every  particle  of  the  bulky  precipitate  of  mangan- 
ese dioxide  is  collected  on  a  135  mm.  pui-e  paper,  and  is 
well  washed  with  hot  water,  and  after  thoroughly  drain- 
reighed  in  the  usual  manner. 
must   be   carefully   ignited, 
idue  when  dealing  with  such 
Its  of  oxide  will  not  contain 
ering  has  shown  that  it  may 
pffii, .«  ^.g  na  much  as  74%  of  metal.' 

Ihi8'>,ei  a  '^  t   ofi*,    the  crucible  should  be 

Aft  in  iS  j  the  muffle  for  about  half  aa_ 

washing  '  "^  L"  1881,  No.  U2I. 
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bonr;  it  is  then  allowed  to  become  quite  cold  in  the 
desiccator  before  re-weighing.  The  weight  of  precipitate 
obtained  in  the  case  of  apiegel  when  working  on  0'5 
gramme  of  the  sample  is  multiplied  by  144,  and  in  the 
case  of  ferro- manganese  when  working  on  0'2  gramme 
of  metal  by  360;  the  result  obtained  is  the  maugaoeae%. 


ITieoretical  Consi 


iderations. 


ng  method  arc  identical 
i  aeq.  for  steel  analysis, 
necessary  to  re-pre- 


The  principles  of  the  foregoin 
with  those  described  on  p.  78  ( 
In  the  present  caso,  however,  it 

cipitate  the  iron  ^  to  ensure  the  separation  of  a  small 
amount  of  manganese  (about  1%),  almost  invariably 
carried  down  on  the  first  precipitation.  It  will  be  obviona 
that  when  working  upon  such  comparatively  small 
original  weights  it  is  necessary  to  exercise  the  greatest 
care  during  analysis  to  avoid  the  introduction  of  any 
manipulative  errors,  because  the  latter  wonld  be  respect- 
ively multiplied  by  two  and  five  instead  of  being  dimin- 
ished by  distribution  over  a  large  original  weight.  The 
addition  of  a  little  Swedish  iron  to  the  ferro -manganese 
enables  the  neutralizing  operation  to  be  carried  out  with 
greater  certainty  than  when  only  the  small  amount  exist- 
ing in  the  sample  per  se  is  present. 


ANALYSla  OF  Fekeo-cheomb. 


An  accurate  complete  analysis  of  this  material  is  a 

matter  presenting  considerable   difiiculties,     The   rich 


'   See  fiHitiiote  to  nickel  determim 
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alloy  used  for  the  manufncture  of  special  steela  conta 
from  40  to  65%  of  chromium,  and  7  or  8%  of  carboBr 
and  is  not  completely  soluble  in  acids.  Recently  very 
rich  alloys  have  been  placed  on  the  market  containing 
very  little  carbon  and  they  are  readily  soluble  in  acida, 
thus  making  their  analysis  much  easier. 

Sampling. — Representative  pieces  must  be  reduced  to 
a  granular  condition  by  crushing  in  a  steel  mortar,  and 
passing  tbrongh  a  sieve  of  90  meshes  to  the  inch.  The 
comparatively  coarse  metallic  powder  thus  obtained  then 
requires  to  be  converted  into  an  impalpable  flour  by 
treating  it  a  few  tenths  of  a  gramme  at  a  time  in  an 
agate  mortar.  The  success  of  the  analysis  depends  in  a 
great  measure  upon  having  the  alloy  in  an  excessively  fine 
state  of  division,  necessitating  a  very  tedious  pulverizing 
operation  to  obtain  enough  of  the  floured  material  for  a 
complete  analysisj  as  at  least  5  grammes  will  be  required^ 


Deteemination  o?  CHBOMim. 

Gravimetric  Process. 


4 


This  is  carried  out  by  the  hydrate  method  described 
on  p.  166,  by  mixing  in  a  3-in,  platinum  diah  "12  gramme 
of  the  metallic  flour  with  5  grammes  of  the  fusion  mix- 
ture, and  maintaining  the  fused  mass  in  a  liquid  state  over 
a  powerful  Bunsen  for  half  an  hour,  when  the  chromium 
will  be  completely  converted  into  alkaline  chromate. 
The  process  when  skilfully  carried  out  gives  accurate 
results,  but  the  small  original  weight  necessarily  taken 
to  obtain  a  readily  washed  precipitate  makos  a  small 
manipulative  error  serious.    Hence  it  is,  as  a  rule,  beet 


*  to  use  one  of  the  volumetric  proceasea  next  dealt  with, 
'  whicli  have  the  additional  advantage  of  being  quickly 

carried  out. 


Volumetric  Metliod  (Clark  and  Stead). 
Re-agents  required. 

Trihaaic  dry  fusion  vhixture, — Intiinatelymix  and  bottle 
for  use; 

50'0  grammea  pure  calcined  magnesia  (^MgO). 

12'5  grammeB  pure  K.,CO^. 

l2'&  grammea  pure  NajCO^, 

Standard  solution  of  K^CrjO-,.  —  Dissolve  14*155 
grammes  of  pure  bichromate  in  1000  cc.  of  water. 


The  Process. 
(Time  occupied,  about  3  hours.) 

Weight  taken. — Weigh  ont  into  a  2^-in,  diameter  flat 
platinum  diah  0'5  gramme  of  the  floured  aDoy,  and  by 
means  of  a  glass  rod  vert/  intimately  mis  with  10  grammea 
of  the  tri-baaic  re-agent.  Carefully  brush  any  adhering 
powder  from  the  rod  into  the  diah,  and  then  gently  tap 
down  the  maas. 

Dry  fusion. — Having  heated  the  diah  for  a  few  minutes 
in  the  middle  of  the  hot  plate  to  drive  otf  any  hygroscopic 
moisture,  introduce  it  into  the  mufBo,  and  heat  in  the 
hottest  part  for  two  houra,  when  the  metal  will  have  be- 
come completely  oxidized  to  chromate. 
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Extracting  the  fusion,— IntroAace  the  dish  when  cold 
into  a  clean  20-oz.  covered  beaker,  and  poor  down  the  lip 
a  mixture  of  25  cc.  strong  Bulphuric  acid  with  150  cc.  of 
water.  Heat  till  all  solnble  matter  has  passed  into  solu- 
tion, and  only  a  small  residue  of  oxide  of  iron  remains; 
the  dish  is  then  washed  and  removed.  The  liquid  should 
he  of  a  clear  yellow  colour. 

Titrating, — When  the  extraction  is  commenced  weigh 
out  into  a  20-oz.  dry  flaak  1"618  grammes  of  Swedish 
iron,  and  dissolve  in  a  mixture  of  20  cc.  strong  Eulphuric 
acid  and  120  cc.  of  water.  When  the  solution  ia  com- 
plete, rinse  the  watch-glass,  and  transfer  to  the  flask 
every  trace  of  the  yellow  liquid  in  the  beaker.  The  ex- 
cess of  ferrous  iron  ia  then  doterniined  as  on  p.  183.  The 
number  of  cc.  used  aubtracted  from  100  gives  the  per- 
centage of  chromium  present;  in  other  words,  each  oc. 
left  corresponds  to  1^  of  chromium. 

Example. — A  sample  of  Hanoverian  ferro-chrome  re- 
quired on  titrating  back  35'7  cc.  of  bichromate,  then 
1003 -5-7  =  643%  Cr. 


Theoretical  Considerations.  ^B 

The  theoretical  principles  involved  in  this  process  are 
almost  identical  with  those  described  on  p.  184  in  con- 
nection with  the  volumetric  estimation  of  chromium  in 
steel.  On  extracting  the  dry  fusion  from  which  nitrates 
were  absent,  the  chromic  acid  CrO^  remains  unreduced 
by  the  dilute  sulphuric  acid  employed,  whereas,  had 
nitrates  been  present  in  the  wet  process,  the  anhydride 
would  have  been  at  onco  reduced  to  chromic  oside  Cr.D^, 
which  change  in  the  present  case  ia  brought  about  by  the 
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I  ferrous  iron,  the  oxygen  yieldud  and  consequently  the 
I  ebromium  prcBont  being  measured  by  difTeroDce  on  esti- 
l  mating  the  excess  of  FeO  by  the  standard  solution  of 


I 


The  Sodium  Peroxide  Method. 
(Time  occupied,  j  hour.) 

Weight  taken. — Weigh  out  0'5  gramtne  of  the  finely 
floured  alloy  into  a  large  nickel  crucible,  and  by  means 
of  a  rounded  glass  rod  mix  it  with  about  4  grammes  of 
Bodium  peroxide. 

Fusion. — Hold  the  crucible,  by  means  of  a  pair  of 
tonga,  ia  an  ordinary  bunsen  flame  until  the  mixture 
just  melts.  This  may  happen  suddenly  with  deflagration 
and  consequent  loas  if  due  vigilance  ia  not  exerted.  The 
molten  mass  is  then  kept  in  constant  circular  motion  for 
at  least  three  minutes,  the  crucible  being  held  in  the 
flame  so  that  the  latter  reaches  well  up  the  sides.  A  dull 
red  hoat  only  need  be  maintained  throughout;  a  higher 
temperature  in  not  only  unnecessary,  but  it  entails  greater 
loss  of  nickel  from  the  crucible  which  suffers  considerable 
loBB  in  weight  under  any  circumstances. 

Extraction. — When  cold,  wipe  the  outside  of  the 
crucible  and  place  it  ia  a  20  oz.  beaker  with  160  to 
200  cc.  of  water.  Heat  tho  solution,  and  when  the  vigor- 
ous effervescence  ceases,  remove  the  crucible,  well  wash- 
ing it  inside  and  out.  Maintain  the  liquid  ia  ebullition 
for  five  minutea  and  theo  remove  from  the  plate.  Push 
the  cover  glass  aside  and  odd,  a  littlo  at  a  time,  dilute 
sulphuric  acid  {I  Ut  4)  ontil  its  addition  causes  no  further 
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til  tliaV 

)  last 
jsary 
r  the 


violent  action,  by  whicb  time  the  solution  ia  freely 
Place  tho  beaker  on  the  plate  again  and  boil  until 
solution  is  perfectly  clear.     Black  oxido  of  nickel  is  last 
of  all  to  pass  into  solution,  and  it  may  be  found  necessary 
to  add  more  dilute  sulphuric  acid  to  thoroughly  clear  the 
liquid. 

Titration. — The  rich  orange  solution  containing 
chromium  ia  then  titrated  exactly  as  just  described 
the  preceding  method  of  Clark  and  Stead,  or  by  means 
of  potassium  permanganate  as  described  under  the  de- 
termination of  chromium  in"aelf-hard  alloys"  on  p.  291. 
Before  oommencing  the  titration,  the  bottom  of  the 
beaker  containing  the  acid  extract  should  be  carefully 
examined  for  tiny  particles  of  the  nndecomposed  alloy. 
If  these  are  found,  the  assay  should  be  rejected  and  a 
now  one  begun.  Attention  to  the  details  of  conducting 
tho  fusion  should  never  bring  about  this  undesirable 
result. 


Theoretical  Considerations. 


Sodium  peroxide,  Na.,Oi,  at  a  red  heat  readily  effeote- 
tho  decomposition  of  many  highly  refractory  alloys,  ores, 
etc.,  one  oxygen  atom  from  each  molecule  of  tho  per- 
oxide being  available  for  oxidizing  purposes.  In  the  case 
of  ferrochromes  the  resulting  products  will  therefore  be 
primarily  ferric  oxido  and  sodium  chromate.  The  carbon 
is  oxidized  to  carbon  dioxide,  the  manganese  to  sodium 
manganate,  and  the  minor  constituents  to  the  usual 
oxidized  products.  Nickel  from  the  crucible  enters  the 
melt  as  the  black  oxide.  Extraction  with  water  decom- 
poses the  excess  of  peroxide  with  formation  of  hydroj 


eo^^ 


] 


ixpul- 


peroxide  and  boiling  decomposoa  the  latter  with  e 
Bion  of  oxygen. 

Na^O-,  +  2  H^O  =  2  NaHO  +  Hp., 

The  boiling  is  an  important  point,  because  undecoiu- 
poaed  hydrogen  peroxide  would  on  subsequent  acidifica- 
tion exert  a  reducing  action  on  the  sodium  bichromate. 
It  also  serves  to  decompose  the  sodium  manganate  leav- 
ing  manganese  dioxide  with  the  oxides  of  nickel  and 
ferric  iron.  Tho  insoluble  oxides  ai-e  finally  dissolved  in 
sulphuric  oxide  with  generation  of  oxygen  in  the  cases  of 
the  manganese  and  nickel. 

MnOo  +  E-^SO^  =  M:nSO^  +  HM  +  O 
Ni^ol  +  2  R.^0,  =  2  NiSO^  +  2  Rfl  +  O 
The  acidification  converts  the  sodium  chromate  to  bi- 
chromate. 

2  No^CtO,  +  H^O^  =  Na^Cr^Oi  +  Na^O^  -f  E.O 
The   remaining    operations   have   already   been    die- 
cussed. 

The  determination  of  the  other  constituents  of  ferro- 
chrome  present  no  special  difficulties  in  tho  case  of  com- 
pletely soluble  alloys,  and  need  not  bo  described  here. 
The  more  refractory  alloysj  however,  require  further 
oonsideration. 


Determination  of  Silicon.  \ 

(Time  occupied,  about  4  hoars.) 

The  determination  of  silicon  is  carried  out  workings 
upon  2  grammes  of  the  floured  alloy  in  the  manner  do- 


Boribed  for  dirame  steels  ou  p.  67,    Aa  an  alternative,  tlq 
prooess  deviaed  by  Tate  may  be  adopted. 

Fuae  2  grammes  of  the  floured  alloy  with   10  to  12 
grammes  of  sodium  peroxide  ill  tte  manner  already  do- 
scribed.  After  extracting  with  water,  transfer  the  solution 
to  a  large  diah  (preferably  of  nickel  or  silver)  and  add 
hydrochloric  acid    until    the    solution  is   nearly    neutral. 
The  solution  is  then  eraporated  to  dryness,  and  the  dry 
residue  treated   with   about  60  cc.  of  strong   sulphuric 
acid.     The   mixture   is   heated   until   copious   fumes   of 
sulphur  trioxide  escape,  by  which  time  the  hydrochloric 
acid  has  been  expelled   completely  together  also  with 
most  of  the  chromium  as  the  volatile  ehlorochromic  acid. 
After  cooling,  add  200  cc.  of  water  cautiously,  and  boil 
to  dissolve  up  soluble  sulphates.    The  silica  is  collected 
and  weighed  as  usual.     It  is  usually  contaminated  with 
chromium,  and  must  be  purified  in  the  manner  described-— 
on  p.  G7,  or  its  weight  determined,  after  treatment  iafl 
the  usual  manner  with  hydrofluoric  acid,  by  differeno^fl 
The  results  obtained  by  this  process  must  not  be  accepted^ 
without  performing  a  blank  experiment  on  the  re-agents 
used,  and  making  a  correction  for  the  amount  of  silicon 
yielded  by  them  and  by  the  vessels  in  which  the  operar-  — 
tions  are  performed. 


Determination  of  Sulphur. 

This  may  be  determined  with  sufficient  accuracy  fol 
practical  purposes  by  treating  3'G  grammes  of  the  allof] 
which  has  passed  through  the  90-mesh  sieve  with  100  o 
of  aqua  regia.   The  solution  is  boiled  down  to  lag  bulk  it 
a  20-oz.  covered  beaker,  the  evaporation^'  vb»  S*^''^ 


coatiaaed  to  complete  dryneaa.  The  dry  maas  when  cool 
ia  taken  np  in  HCl,  evaporated  to  low  bulk,  traDsferred 
to  a  60  cc.  flask,  and  50  ec,  correapoDding  to  3  grammes 
of  alloy,  are  filtered  off  in  the  usual  manner,  and  the 
sulphur  19  estimated  by  the  gravimetric  process  described 
for  steel  onp,  108.  The  insoluble  residue  remHining  with 
the  J  of  unfiltered  solution  is,  aa  a  rule,  practically  free 
from  sulphur. 


Detei-mination  of  Phosphorus. 

3"6  grammes  of  the  alloy,  after  being  passed  through 
the  90-mesh  sieve,  arc  treated  as  in  the  case  of  the 
sulphur  determination.  The  50  co.  of  liquid  containing 
the  phosphorus  in  3  grammes  of  the  alloy,  are  evaporated 
to  low  bulk,  made  alkaline  with  ammonia,  acid  with  1"42 
nitric  acid,  and  the  phosphorus  is  approximately  deter- 
mined as  amuionio-pbospho-moiybdate  in  the  manner 
described  on  p.  126. 


Determination  of  Manganese. 

Fusion,  etc. — Fuse  I'l  gramme  of  the  floured  alloy  as 
described  previously  with  6  to  8  grammes  of  sodium 
peroxide. 

Extraction,  etc, — Extract  with  400  cc.  of  water  and 
boil  well,  to  decompose  the  sodium  manganale  into  man- 
ganese dioxide, 

Fatration,  etc. — The  solution  ia  allowed  to  stand  until 
the  oxides  settle  well  to  tho  bottom  of  the  beaker,  and 
the  yellow  supernatant  liquid  is  then  poured  through  an 


I 
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asbestos  filter  without  disturbing  the  re§idue  more  thai 
necessary.  The  latter  is  then  repeatedly  washed  by  de- 
cantatioQ  with  water  until  the  washings  are  colourloas. 

TUrativn, — The  asbestos  filter  is  returned  to  the 
beaker  containing  the  bulk  of  the  insoluljle  residue  and 
30  cc.  of  nitric  acid  of  s.g.  1"20  added;  and  the  misture 
heated.  A  solution  of  ferrous  sulphate  is  then  added,  a 
little  at  a  time,  with  stirring  between  each  addition,  until 
the  oxides  pass  completely  into  solution.  The  determina- 
tion of  the  mangftnoae  is  then  carried  out  by  the  bis- 
multhftte  process  exactly  as  described  for  steel.  ^ 


Determination  of  Carbon.  * 

A.S  forro-chrome  is  not  attacked  by  the  usual  copper 
solutioQSj  the  direct  combustion  process  is  alone  avail- 
able for  the  determination  of  carbon  in  the  alloy. 


TIte  Process. 


[ 


Weight  taken.~Tins  varies  with  the  amount  of  CM-1 

bon   in   the  alloy.      Completely    soluble   alloys  always 

contain  small  amounta  of  carbon,  and  2'727  grammes  of 

inety   divided   material   may   be   taken.     The  re- 

~'  -^'Je^^oys  (60  — 60%  Cr)  frequently  contain 

"-^UijjK  and   I  gramme  is  an  ample 

ghod  alloy  to   the  shaking- 

4  5  to  10  grammes  of  special 

p.  .6  from  blank.    Mix  well. 

whr?  ^  a  .fer  the  misture  to  a  porcelain 

of  aqi,  ^  jaorptiou    train    is  in   position, 

a  20-o;l  f  to  position  and  quickly  replace 


/ 


I 
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the  bong.  The  bamers  under  that  part  of  the  tube 
which  takes  the  boat  muBt  be  shut  off  until  the  fore- 
going operation  has  been  performed,  unless  it  is  known 
for  certain  that  the  alloy  does  not  contain  more  than 
1^  per  cent,  of  carbon,  in  which  case  that  part  of  the 
tube  can  be  heated  before  introducing  the  boat.  The 
copper  oxide  spiral  is  of  course  heated  to  full  redness  at 
that  end  adjacent  to  the  potash  bulbs,  but  the  tempera- 
ture near  the  noso  of  the  inserted  boat  requires  careful 
manipulation.  Aa  soon  as  the  alloy  begins  to  react  with 
the  red  lead,  there  is  a  greater  or  less  evolution  of  gaa 
according  aa  there  is  much  or  little  carbon  in  the  alloy, 
and  it  is  until  this  evolution  of  gas  has  occurred  that  the 
heating  must  bo  carefully  controlled.  The  burners 
nnder  tho  boat  rnay  then  be  lighted,  the  aspirator  tap 
opened  to  the  full,  and  oxygon  admitted.  The  remaining 
operations  have  been  described  under  the  direct  com- 
bustion of  Btoels. 

To  prevent  the  splashes  thrown  out  of  the  boat  from 
soiling  the  tube  it  is  advisable  to  cover  the  boat  loosely 
with  a  lid  of  well -ignited  asbestos  paper. 

Example. — 1  gramme  alloy,  5  grammes  red  lead. 

Increase  in  weight  of  absorption  bulbs   was  0-2952 
gramme.   Blank  from  5  grammes  of  red  lead  =  0'0042, 
hence  actnat  weight  of  CO^  evolved  =  0'2910  gramme. 
Carbon  per  cent.  =  0-2910  x  27'27  =  7-93. 


Analysis  of  Metallic  Chkomium. 

Fused  metallic  chromium,  containing  up  to  68  per 
cent,   of  actual  Cr,  is  now   an    important   commercial  j 
prod  uct. 


buation  at  the  highest  temp 
amounts  to  less  than  ()'5  pt 


Analysis  op  T 

Modem  ferro-silicons  ma^ 
cent,  of  silicon,  the  older  van 
use  prior  to  the  application 
much  poorer  (10  to   15  per 
principally  as  graphite  in  ferrc 
2  per  cent.    A  notable  featui 
high-grade  alloys  is  the  alm( 
aluminium    and    calcium,    an( 
occurrence  to  find  magnesium 


1 


Low-grade 

Ferro-silicons  containing  le 
decomposed  by  acids,  and  tl 
difficnltu 
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[aboat  150  cc.  Filter  off  the  silica,  wash,  dry,  and  ignite. 
'he  weighed  residue  is  then  purified  either  hy  fusion 
with  acid  potassium  sulphate,  or  the  actual  amount  of 
SiO^  determined  by  the  loss  of  weight  due  to  a  treatment 
with  pure  hydrofluoric  acid  and  ignition.  The  filtrate 
from  the  silica  inyariably  contains  a  further  small 
amount,  and  this  is  obtained  by  the  ordinary  method  of 
evaporation,  baking,  etc, 


Determination  of  Carbon. 

Carbon  is  determined  by  direct  combmition  ii 
lof oxygen. 


Determinntion  of  Manganese,  Sulphur,  and 
Phosphorus. 

'  For  the   manganese   detertuination,   decompose    2*4 

grammes  of  the  alloy  as  above  in  the  silicon  determina- 
tioQ,  using  twice  the  amount  of  acids.  Dilate  to  300  cc. 
and  filler  off  250  cc.  Determine  the  manganese  in  tho 
filtrate  by  making  an  acetate  separation  of  the  iron,  and 
precipitating  with  bromide  and  ammonia.  The  ignited 
dfn^O,  should  be  treated  with  hydrofinoric  acid  to  remove 
Bilion. 

For  the  sulphur  determination  decompose  2"4 
grammes  as  before,  fractionate,  add  a  crystal  of  potas- 
sium nitrate  to  the  filtrate,  and  determine  tho  sulphur  by 

^^  the  gravimetric  process  for  steels, 

^^L     For  the   phosphorus  determination,   proceed  as  for  I 

^ -. ^^ 


STEEL  WORKS  ANALYSIS 

sulphur,  evaporate  the  filtrate  to  drynesB,  and  treat  the 
residue  according  to  the  method  selected  for  the  dal 
mination  of  phosphoma. 


it«^_ 


Hiijh-grade  all 


These  alloys  cannot  be  decomposed  satisfactorily  by 
acids.  Porhaps  the  most  straightforward  method  the 
student  can  use  is  to  treat  the  matorial  aa  though  it  were 
a  "  refractory,"  and  decompose  it  as  described  under 
the  analysis  of  refractory  materials  on  p.  366.  It  mast 
not  bo  forgotten  that  the  filtrate  from  the  silica  may 
contain,  besides  iron,  aluminium,  calcium,  and  mag- 
nesium. Titanium,  if  present,  will  bo  found  with  the 
iron  and  aluminium. 

The  email  amounts  of  sulphur  and  phosphorus  may 
safely  be  ignored  in  reporting  an  analysis  of  a  high- 
grade  ferro-sibcon.  For  exact  purpoaes  the  alloy  ia 
opened  out  aa  for  a  refractory,  and  these  elements  deter- 
mined on  the  filtrate  from  the  sibca.  For  this  purpose 
it  is  divided  into  two  parts,  the  sulphur  determined 
gravi metrically  in  one,  and  the  phosphorus  in  the  other 
by  dissolving  up  the  iron  and  aluminium  precipitate 
(which  contains  all  the  phosphorus)  in  1-20  nitric  acid, 
and  finishing  by  the  "  lead  molybdate  method." 

Carbon   is    determined   by   direct    combustion   in 
stream  of  oxygen. 


Analysis  of  FKRHo-ii 


The  alloy   ased  in  steel  and  iron  foundries  seldom 
contains  more  than  10%  of  aluminium,  it  ia  often  very 


I 


I  'impure,  &ad  its  general  analysis  is  carried  out  as  in  the 
kiOBee  of  pig-iron. 


I 

I 


Determination  of  Aluminium. 
(Time  occupied,  about  1  day.) 

Weight  taken. — Weigh  out  into  a  20-oa.  beaker  0*6 
gramme  of  the  finely -divided  alloy,  passed  tliroagh  a 
sieve  of  90  meshes  to  the  inch. 

IHssolmng. — DisBolvti  the  metal  in  30  cc.  of  strong 
SCI ;  evaporate  to  dryness,  and  take  up  in  SCI. 

MUering  off  the  insoluble  residue. — The  solution  is 
diluted  and  made  up  to  150  cc,  and  60  cc.  of  filtrate  col- 
lected after  passing  through  a  dry  filter  paper. 

Precipitation  as  phosphate. — The  solution  is  transferred 
to  a  30-oz,  registered  Sask,  diluted  to  about  300  cc.j 
about  2  grammes  of  sodium  phosphate  added,  and  the 
aluminium  precipitated  as  phosphatt',  after  neutralizing, 
by  means  of  sodium  thioaulphate  and  acetic  acid,  as 
described  for  steel. 

After  ignition,  the  AlFOt  ia  re-diasolved  in  HCl, 
sodium  phosphat  again  added  and  the  precipitation  re- 
peated. The  ignited  preoipitate  now  consists  of  pui'e 
aluminium  orthophosphate,  AlFO^. 


Analysis  of  Aldminium  Metal. 

This  product  ia  now  obtained  so  pore  that  the  presence 

}  of  more  than  \%  of  foreign  elements  is  unuaual.    The 

latter  consist  mainly  of  iron  and  silicon. 


-^  <7X£I 
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cf  ssML,  fen  kioR  flteri^g 
ic-SKS.  ccciKsiB^  iK  CKjcnicB  of  ^^^TBiBJBm  and  iroiij 
n  ii  en»^nSEd  to  iam-  hmlk  wiA  ife  |MmiuM  addition 
of  nro  ^ps  of  s»3Bg  A3rOp.  Tk  coaccMtntod  Kquid 
vt'en  coSd  is  wsched  imco  a  6$  ee.  flii^  dbted  to  the 
nnuk,  ihorooglihr  aixed,  aad  SO  ec.  of  the  ftnid  an 
filtiergd  into  a  gradnaied  flask.  Tk  aolanm  dms  ob- 
tained^ containing  the  iron  in  i  gnmiam  of  alamimnm, 
is  <et  affide  to  be  nsed  for  the  dflmiiimiion  of  the  iron 
in  the  manner  described  in  the  next  avticle.  The  filtra- 
tion of  the  SiOi  is  then  oontnmed  in  the  usual  manner. 
It  is  washed,  dried,  ignited,  and  weighed,  and  the  per- 
centage of  -silicon  is  calculated  on  2*4  giammea. 


Determination  of  the  Iron. 

On  a  convenient  known  volume  measured  from  Uie 
M  cc.  of  acid  solution  containing  the  iron  in  2  grammes 
of  fituminium  obtained  as  described  in  the  last  article,  the 
p<in;ouUigo  of  iron  present  is  determined  colorimetrically 
by  ifioiiDH  of  the  alkaline  sulphocyanide  by  the  process 
(loM«;rib(Hl  on  p.  75. 


Analysis  or  Febbo-Tungsten. 

ThiN  alloy  may  or  may  not  contain  chromium.  The 
fcirro-tunf(HiiinH  now  so  extensively  used  in  the  manu- 
fiuittiro  of  hi^h-Npood  HteeU  contain  between  10  and  20% 
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if  ohrominm,  oad  methods  for  their  complete  analysis  are 
Fappended.  The  same  methods  may  be  applied  to  the 
analysis  of  ferro-tuDgetena&ee  from  chromium,  bat  as  the 
latter  are  much  more  easily  decomposed  by  acids,  the  de- 
ter niiuatione  can  be  made  by  precisely  the  same  methods 
aa  described  under  the  analysis  of  steel,  due  provisioD 
being  made  for  the  presence  of  tung-sten. 

The  tungsten  in  non-chromiferous  alloys  can  be  deter- 
mined by  either  of  the  methods  described  for  its  determina- 
tion in  steel,  and  the  rapid  method  in  particular  is  very 
IBaCisfactory  even  when  worked  without  evaporating 
beyond  the  point  at  which  tungstic  oxide  separatee  out. 
The  amount  of  tungelic  oxide  left  in  solution  after  copious 
dilution  with  hot  water  is  practically  negligible. 
Co 
In  the  manufacture  of  high-speed  steels,  the  necessary 
amountof  tungsten  and  chromium,  instead  of  being  intro- 
duced separately  in  the  form  of  tungsten  metal  and  rich 
ferro-chrome  respectively,  is  not  infrequently  added  in 
the  form  of  an  alloy  made  separately.  The  details  of  a 
method  for  a  complete  analysis  of  such  an  alloy  are 
appended  accordingly. 


Delerminutmi  of  Carhou. 

Carbon  is  determined  exactly  as  described  under  the 
^irect  combustion  of  steels.  Inittead  of  prepared  tri- 
nanganic  tetroxido,   special   red   bad  yield  iag  a  itmall 


ICoMPLETE   Analysis  of  Chkohifekods  Fehro-Tlinqbtknb. 
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blank  may  be  used  with  the  alloy,  and  yields  excellent 
results.     In    either    caae    the    alloy    ahoold    be    fin^r 

powdered.  ^^| 


Determination  of  Silicon,  Tungsten,  and  Manganese. 

Subject  to  the  following  emendations,  these  elements 
are  determined  na  described  under  the  analysis  of  high- 
speed steels. 

To  ensure  the  conversion  of  all  the  tungsten  to  tungstic 
oxide  and  the  solution  of  all  the  iron,  the  finely  divided 
alloy  should  be  digested  with  the  hydrochloric  acid  until 
all  action  ceases,  and  then  digested  several  hours  longer 
after  adding  the  nitric  acid.  It  is  convenient  to  allow  the 
digestion  to  take  place  over  night  by  placing;  the  boaker 
over  a  small  safety  burner.  In  the  morning,  the  iron  is 
entirely  in  solution  and  the  tungstic  oxide  possesses  a 
clean  orange  yellow  colour.  A  dark  green  colour  in- 
dicates unsatisfactory  decomposition,  and  tho  WO^  in- 
variably contains  in  such  a  case  comparatively  large 
amounts  of  iron. 

From  this  stage  proceed  as  for  steels. 

The  estimation  of  manganese  calls  for  further  notice. 
After  neutralizing  with  ammonium  carbonate  up  to  the 
formation  of  a  permanent  precipitate,  the  latter  defiea 
solution  in  the  usual  amount  of  acetic  acid  in  the  com- 
paratively cold  solution.  This  need  occasion  no  trouble, 
for  on  heating,  the  precipitate  thins  out  as  the  tempera- 
ture rises,  and  ultimately  dinsolveB,  and  the  ferric  hydrate 
finally  separates  out  completely  as  the  boiling  point  is 
reached,  just  before  which  the  ammoniuni  acetate  has  been 
added  freely. 


r^r  MET  A  IS 

Determination  of  Sulphur  and  Phosphorus. 
Procoed  as  described  under  Ligli-speed  steels. 
Ono  g] 


Determination  of  Chromium. 


I 


Ono  gramme  of  the  alloy,  passed  through  a  sieve  of 
90  meshes  to  the  inch,  is  thoroughly  mixed  in  a  nickel 
crucible  with  about  8  gi-ammes  of  sodium  peroxide.  The 
cruciblo  is  held  iu  a  pair  of  tonga  and  tho  contonts  niain- 
tainod  in  fusion  in  the  manner  detailed  under  the  estima- 
tion of  chromium  in  ferro-chrome  for  about  ten  minutes  at 
a  barely  visible  red-heat.  After  cooling,  the  outside  of 
the  crucible  is  wiped,  and  the  crucible  placed  in  a  20-oa. 
beaker  along  with  a  filter  plate.  Water  is  then  added  so 
Bs  nearly  to  cover  the  cruciblej  and  tho  solution  heated 
until  effervescence  ceases  and  the  melt  is  dissolved  from 
the  sides  of  the  crucible.  The  latter  is  then  lifted  out, 
rinsed  inside  and  out,  and  the  contents  of  the  beaker 
boiled  for  ten  minutes. 

The  extract  is  transferred  to  a  6011  cc.  fiask,  thoroughly 

cooled,  mode  up  to  the  mark,  transferred  to  a  beaker, 

and  allowed  to  settle.     From  dry  ignited  asbestos  fibre  a 

filter  is  then  prepared  by  means  of  the  clear  supernatant 

liquid   and  400  cc.  of   the   latter    then    carefully  poured 

through,  so  as  to  disturb  the  slimy  residue  as  little  as 

possible.   Transfer  the  filtrate,  containing  the  chromium 

as  sodium  chrouiate  from  two-thirds  of  a  gramme  of  the 

alloy,  to  a  IjO-oz.  registered  fiaskj  and  add  dilate  sulphuric 

acid  to  acidity.   Titrate  the  solution  by  adding  an  ezcess 

N 
of  ferrous  ammonium   sulphate  and  then  —   potassium 
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permaDgauate  as  before.  An  amount  of  ferroas  am- 
moQium  aalphato  sufficient  to  account  for  alloys  contain- 
ing up  to  18%  of  chromium  may  be  required,  but  it  is 
advisable  to  remove  a-tiny  drop  of  the  solution  and  deter- 
mine when  an  excess  has  been  added  by  means  of  the 
spot  test  with  potassium  ferricyanide. 

Notes.  * 

As  an  alternative  method  for  tho  estiinatdon  of  man- 
ganese, in  these  alloys,  the  insoluble  residue  obtained  aa 
above  by  the  sodium  peroxide  fusion  for  chromium  may 
be  dealt  with  as  follows: 

Thoroughly  wash  the  insoluble  residue,  consisting 
principally  of  ferric  oxide,  manganese  dioxide  and  niokelio 
oxide,  by  decantation  with  hot  water  containing  a  little 
ammonium  carbonate  until  the  washings  are  colourless. 
Dissolve  the  residue  in  30  cc,  of  hot  nitric  acid  [\'2Q), 
with  the  assistance  of  a  few  cc,  of  a  solution  of  sulphurous 
acid.  When  cold,  add  sodium  biamuthabe  and  finish  tho 
aaaay  as  described  previously.  The  end  point  is  slightly 
oliBCured  by  tho  presence  of  green  nickel  nitrate  in  tho 
solution. 

Wbeu,  as  indicated  under  high-speed  steels,  a  com- 
plete analysis  of  the  alloy  ia  not  required,  the  tungsten 
may  be  much  more  quickly  determined  by  opening  out 
with  hydrofluoric  and  nitric  acids  in  the  manner  fully 
described  under  the  assay  of  tungsten  motal  for  total 
tungsten  on  p.  293,  In  the  case  of  a  chromiferous  alloy, 
it  is  always  necessary,  however,  to  examine  the  ignited 
WO3  for  chromium  as  well  as  iron,  and  to  deduct  tho 
amount  of  tho  latter  after  determining  it  in  the  manner 
already  indicated. 
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Analysis  op  Metaluc  Tungsten, 


^P  The  metal  in  the  form  of  a  heavy  gray  powder  ia  aow 
"  obtainable,  registering  up  to  98^  of  tungsten.'  The 
assay  for  the  total  metal  is  made  on  '6  gramme  of  the 
floured  substance  weighed  out  into  a  platinum  dish,  after 
cautious  ignition  in  the  muffle  or  over  a  powerful  Bunsen 
flame  (to  convert  the  motal  into  oxide)  by  the  process 
described  on  p.  355  for  wolfram. 

»Th6  total  tungsten  is  also  accurately  determined  by 
the  following  method,  which,  as  already  stated,  is  applic- 
able to  ferro- tungstens,  chromiferous  and   non-chromi- 
ferous. 
dee 


The  Process. 


Weigh  one  gramme  of  the  metal,  and  transfer  to  a 
^  deep  platinum  dish  provided  with  a  lid.  Add  about 
10  cc.  of  pure  hydrofluoric  acid,  replace  the  lid,  and  warm. 
Remove  from  the  plate  and  place  the  dish  on  a  clean 
white  tile.  Now  add  three  or  four  drops  only  of  strong 
nitric  acid  by  pushing  the  lid  slightly  aside,  replacing  it 
rapidly  after  the  addition  of  the  acid.  When  the  violent 
action,  accompanied  by  the  evolntion  of  nitrous  fumes, 
subsides,  repeat  the  addition  of  the  nitric  acid  and  con- 
tinue these  separate  additions  until  the  last  one  prodnces 
no  visible  or  audible  action.  It  ia  important  to  add  the 
acid  in  very  small  amounts  at  a  time,  because  if  added 
all  at  once,  the  contents  of  the  dish  would  inevitably 
overflow.    After  making  certain   that  no   loss  has  been 

'   Small  quantities  <jf  Diobiiuu  are 
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BQBtained  by  an  inspection  of  the  white  tile,  remove  and 
wash  the  lid  of  the  diah  and  place  the  latter  on  the  hot 
plate  or  at  such  a  height  over  a  rose  burner  that  tho 
evaporation  proceeds  without  ebullition.  When  this 
process  has  proceeded  for  about  ten  minutes,  add 
cautiously,  partially  replacing  the  lid  for  the  purpose, 
5  CO.  of  concentrated  sulphuric  acid.  The  evaporation  is 
continued  until  fumes  of  sulphur  trioxide  indicate  the 
complete  expulsion  of  the  excess  of  nitric  and  hydro- 
fluoric acids.  The  dish  is  set  aside  to  cool  and  the  residue 
drenched  with  10  cc.  of  strong  hydrochloric  acid  added 
with  the  utmost  care  to  prevent  loss  by  splashing.  The 
mixture  is  then  diluted  with  an  equal  bulk  of  water  and 
transferred  as  completely  as  posaiblo  with  the  assistance 
of  hot  wash  water  and  a  policeman  to  a  beaker.  The 
precipitate  and  liquid,  now  measuring  at  least  50  cc, 
are  heated  to  boiling  and  the  beaker  then  set  aside. 
(It  is  gpuorally  to  be  noticed  that  an  iridescent  film 
obstinately  adheres  to  the  platinum  basin;  this  may, 
for  the  time  being,  be  neglected.)  Filter  oflf  the  T70„ 
wash  with  5%  hot  hydrochloric  acid,  and  transfer  to  a 
platinum  dish  or  crucible  for  ignition.  The  coloured  film 
alluded  to  is  then  removed  by  wiping  with  a  small  piece 
of  ashless  filter  paper  moistened  with  a  drop  of  ammonia, 
and  this  is  ignited  with  the  main  precipitate. 

The  ignited  tungstic  oxide  contains  generally  a  few 
milligrammes  only  of  ferric  oxide;  it  is  obviously  free 
from  silicon.  The  iron  is  doteruiined  and  allowed  for 
exactly  as  described  previonsly. 


^^^^^^^^^^  METALS  995 

^MExamination  of  the  Melal  for  Sodium  Tungatate  and 
H  for  Oxides. 

Although  the  total  yield  of  tungston  in  commercial 
metals  may  seem  fairly  aatiafactory,  it  doea  not  follow 
that  the  whole  of  it  represents  actual  reduced  metal. 
The  high  atomic  weight  of  tungaten  rendera  possible  the 
presence  of  the  considerable  percentage  of  oxides  with- 
out apparently  seriously  impairing  the  value  of  the  pro- 
duct as  determined  by  assay.  The  authors  some  years 
ago  found  on  alleged  sample  of  metallic  tungsten  to  con- 
tain over  25%  of  oxides.  The  material  when  reduced 
in  dry  hydrogen  gave  off  water  in  well-defined  fractiona, 
corresponding  to  the  sequence  of  the  reduction  of  the 
oxides.  First,  at  a  low  red  heat,  the  powder  nsaumed  a 
deep,  brilliant  blue  colour,  duo  to  the  reduction  of  the 
WO^  present  to  the  blue  oxide  {2  WO^  +  WO.),  and  drops 
of  water  speedily  collected  in  the  cooler  portion  of  the 
combustion  tube.  Second,  aa  the  temperature  rose,  the 
blue  changed  to  a  rich  purplish-brown,  corresponding  to 
the  production  of  the  oxide  WO^,  more  water  being  given 
off.  It  was  found  impossible  to  complete  the  reduction 
of  the  brown  oxide  to  metal  at  the  highest  temperature 
of  the  Hoffman  furnace.  For  thia  purpose  the  material 
must  be  heated  to  a  white  heat  in  a  porcelain  tube  in  a 
current  of  hydrogen.  A  crude  but  useful  qualitative  test 
for  oxides  is  to  gently  boil  10  grammes  of  the  metallic 
powder  with  10  cc.  of  strong  HCl;  the  metal  is  allowed 
to  settle,  and  the  nearly  clear  supernatant  liquid  is  de- 
canted off  into  a  50  cc.  measure.  On  filling  up  the  latter 
with   distilled   water,   if  any   considerable  quantity  of 
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oxides  are  present,  a  blue  colour  will  be  developed, 
after  a  little  time,  a  deep  blue,  groenisb,  or  yeU< 
precipitate   of  the  oxides  of  tuDgstoii  will  precipitate 

from  the  aolution. 

No  satisfactory  method  exists  for  the  accurate  deter- 
mination of  tho  separate  oxides  of  tungsten  in  tungsten 
metal.  An  approximation  to  tho  total  amount  of  tungsten 
existing  in  an  oxidized  form  ia  furnished  by  the  follow- 
ing processes, 

I.  Digest  a  weighed  amount  of  the  powder  with  strong 
hydrochloric  acid  (10  cc.  per  gramme  of  powder)  for  10 
minutes  and  filter.  Evaporate  tho  filtrate  nearly  to  dry- 
ness, dilute  vrith  water  and  filter  ofiTthe  toogstic  oxide. 

II.  Digest  the  residue  from  the  above  treatment  for 
10  minutes  with  a  weak  eolution  of  caustic  aoda  (approxi- 
mately decinormal)  and  filter.  Nearly  neutralize  tho 
filtrate  with  dilute  nitric  acid  and  precipitate  with  mer- 
caroua  nitrate  and  mercuric  oxide  as  directed  under  the 
assay  of  wolfrau.  The  total  weight  of  WO-j  found  by  the 
two  extractions  includes  the  tungsten  which  exists  in  the 
powder  as  sodium  tungstate.  Thiif  constituent  can  be 
determined  separately,  if  desired,  by  exhausting  a  powder 
with  water  only  and  precipitating  the  filtrate  with 
oury  salts  aa  before.  The  weight  of  VYOg  obtained,  mnl^ 
tiplied  by  1'267  gives  the  sodium  tungstate,  Na^WO^ 


'wi^^ 


Akalysis  of  Fekko-Nickkl. 


The  general  analysis  of  this  material  is  carried  out  as 
though  dealing  with  a  pig-iron.  In  the  determination  of 
manganese  the  precautions  described  on  p.  62  must  be 
observed.     Or,  after  precipitating  the  manganese  witi| 


I 


bromine  and  ammonia,  the  precipitate  can  be  re-diesolred 
in  HCl,  evaporated  to  fumea  with  H^O^,  and  the  bis- 

mnthate  proceaa  applied. 

Determviatio7i  of  Nickel. 

The  determination  of  nickel  in  ferro-nickel  is  carried 
out  exactly  as  described  for  ateola,  a  fractional  part  of 
the  filtrate  from  the  iron  being  used  for  the  titration  with 
potasainm  cyanide. 

Analysis  of  Metallic  Nickbl. 

This  product  when  in  cubes  may  contain  some  un-  ' 
reduced  oxido,  and  more  or  less  carbon,  silicon,  copper, 
manganese,  sulphur,  iron,  and  cobalt  are  usually  present. 
The  metal  last  named  may  be  safely  ignored  in  steel 
works'  practice,  any  small  amount  present  being  co-pre- 
cipitated with  tho  nickel  and  recorded  as  such.  Ingot 
nickel  may  be  drilled  for  analysis,  but  if  in  the  form  of 
cubes  or  large  shots,  if  possible  one  or  two  lbs.  of  the 
tatter  should  be  fused  in  a  clay  crucible  and  cast  into  a 
amal!  ingot  for  drilling;  otherwise  the  metal  is  very 
awkward  to  sample  for  analysis,  the  only  way  being  to 
dissolve  up  one  or  two  weighed  cubes  or  a  few  shots  in 
aqua  regta:  several  grammes  may  be  thus  totally  dis-  ' 
solved,  but  only  after  prolonged  digestion.  The  Uquid  is 
evaporated  to  dryness,  the  mass  taken  up  in  HCl,  and  the  ; 
solution  when  cold  is  made  up  to  exactly  250  cc,  the 
liquid  being  thoroughly  mixed.  From  this  a  volume  of 
filtered  solution  corresponding  by  calculation  to  the 
desired  weight  of  actual  metal  is  carefully  m.easured  out 
for  analysis  from  a  delicately  graduated  burette.  , 
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Electrolytic  Determination  of  Nickel. 
(Time  occupied,  about  1^  days.) 


i 


Weight  taken. — ^Two  grammea  of  metal  are  weighed 
or  menBured  into  a  20-oz.  covered  beaker. 

Dissolving, — The  drillinge  are  dissolved  by  boiling 
with  30  cc.  of  aqua  regia.  The  solation  is  evaporated  to 
dryness,  and  re-disaolved  in  50  cc,  of  dilate  sulphuric 
acid  one  in  six.  The  solution  is  again  concentrated  till 
white  fumes  of  sulphuric  acid  are  CTolrod;  the  contents 
of  the  beaker  are  cooled,  and  40  cc.  of  cold  water  are 
next  cautioualj  added  down  tbo  lip  of  the  covered  beaker, 
and  the  contents  of  the  vessel  are  boiled  till  every  trace 
of  the  precipitated  sulphate  of  nickel  has  passed  into 
solution.  The  liquid  is  then  dilated  to  150  cc.  with  nearly 
boiling  water,  ^^ 

Separating  the  copper. — The  copper  is  nest  precipitatedj^H 
as  CvS  by  passing  through  the  hot  liquid  a  brisk  current  ^Q 
of  washed  li^  for  about  fifteen  minutes.    The  precipitate 
ia  filtered  off  on  a  90  mm.  pure  paper,  the  latter  and  its 
contents  being  well  washed  with  water  containing  H^S 

I  about  1%  sulphuric  acid.  The  filtrate  and  washings 
are  received  into  a  clean  30-oz.  registered  flask. 

Separating  the  manganese  and  iron. — Cool  the  acid 
filtrate,  add  2  cc.  of  bromine,  and  shake  round  until  it  has 
dissolved.  Then  add  50  cc.  of  strong  ammonia,  shake  the 
solution  vigorously  round,  and  digest  the  deep  blue  liquid 
till  the  hydrates  of  manganese  and  iron  have  flocked  out. 
Collect  the  precipitate  on  a  90  mm.  pure  filter,  and  wash 
the  latter  thoroughly  with  hot  water.  The  filtrate  and 
washings  are  received  into  a  300  cc.  graduated  Sask,  and 
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when  cold,  are  made  ap  to  the  mark  and  thoroughly   I 
mixed. 

Removing  ammonium  bromide. — Carefully  measure  off 
from  a  burette  37"5  cc.  of  the  blue  solution  corresponding 
to  0'25  gramme  of  metal  into  a  4-in,   porcelain   diah, 
quietly  evaporate  on  a  sand-bath  till  the  salts  begin  to  . 
separate,  add  50  cc.  of  dilute  sulphuric  acid,  and  again  j 


Fi«.  15. 

evaporate  till  white  furaea  are  evolved.  The  precipitated. 
sulphate  of  nickel  is  re-dissolved  in  the  smallest  posaiUe 
quantity  of  water,  is  transferred  without  loss  to  a  3-in, 
deep  platinum  basin  previously  cleaned  both  inside  and 
out,  heated  in  the  air-bath,  and  cooled  and  weighed. 

Depositing  the  nickel.  —  The  liquid  ia  then  made 
strongly  alkaline  with  ammonia,  when  the  total  bulk 
should   be   about   30    cc,    and    the   nickel    ia    electro-  i 
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depoBited  by  connecting  it  over-night  witli  the  arrangft- 
ments  sketched  in  Fig.  15.  The  wooden  stand  Acarries  a 
brasa  rod  B  with  brass  screws  at  each  end;  the  platinum 
basin  is  placed  on  a  bright  platinum  plate  on  the  base  of 
the  stand  connected  with  the  binding  acrow  c.  One  end 
of  the  braas  rod  carries  a  stout  platinum  wire  attached  to 
a  perforated  platinum  plate,  the  latter  being  immorsod  in 
the  alkaline  solution  of  nickel  sulphate.  A  battery  of 
three  or  four  pint  Daniell  colls,  well  charged  in  the  shelves 
with  cryatais  of  cupric  sulphate,  will  be  required.'  The 
copper  terminal  of  the  battery  is  attached  to  the  brass 
rod,  whilst  the  zinc  polo  is  coupled  up  with  the  screw  c  i 
by  means  of  stout  insulated  copper  wire.  In  a  few  hoursH 
the  whole  of  the  nickel  ebould  be  deposited  as  a  closely 
adherent  bright  regular  lining  in  the  tared  dish.  The 
complete  deposition  of  the  nickel  is  proved  by  bringing 
a  very  small  drop  of  the  aminoniacal  liquid  (taken  up  in 
the  capillary  tube  at  the  ond  of  a  drawn-out  ^-in.  glaaa 
tube)  into  contact  with  a  small  drop  of  a  saturated  sola- 
tion  of  H^  water  placed  on  a  white  slab.  As  long  as  any 
nickel  remains  in  solution  a  brown  colour  is  produced. 

Weighing  the  nickel. — When  the  deposition  is  com- 
plete, the  dish  ia  withrawn  and  thoroughly  washed  with 
nearly  bnjling  distilled  water.  It  is  dried  in  the  air-bath 
at  100°  C,  cooled  in  the  desiccator,  and  re-weighed.  The 
increase  over  the  first  weighing  multiplied  by  400  gives 
the  percentage  of  niokel. 

'  Where  posnible,  electrolysiB  should  be  cffecteil  from  storage  celli,', 
the  mo9i  farourable  strength  of  current  previously  determined  bj  I 
experiments  being  maintained  by  the  int«rposition  of  *  '  "" 
galvBUometei  in  the  otrunit. 


i 


I 


Rapid  Method. 

Tho  foregoing  method  is  todious,  and  tho  result  ob- 
tained is  usually  slightly  low,  owing  to  the  precipitates  of 
copper  and  mftugftnoso  carrying'  down  with  them  traces 
of  nickel.  In  the  majority  of  cases,  sufficiently  accurate 
results  may  be  obtained  by  diasolving  2  grammes  of  the 
nickel  in  dilute  sulphuric  acid,  evaporating  the  solutioii 
till  copious  white  fumes  appear,  and  then,  with  the  usual 
precantioDS,  obtaining  the  sulphate  in  a  volume  of  300  co.j 
Zl'h  cc.  of  the  filtered  liquid  are  then  electrolyzed  as  be- 
fore described.  The  metal  obtained  may  be  slightly  con- 
taminated with  copper  and  iron,  but  the  manganese  will 
be  precipitated  in  the  solution  as  hydrated  peroxide, 


Deter minatloit  of  Impurities. 

The  impurities  in  commercial  metallic  nickel  are  detei^- 1 
mined  by  tho  methods  already  described  in  connection  | 
with  steel.  The  iron,  however,  may  be  eatiinated  colori- 
metrically  with  au  atkuliuu  sulphocyanide,  being  pre- 
viously precipitattid  as  hydrate  by  means  of  ammonia, 
and  then  obtained  in  dilnlo  HCl  Holotion.  The  details  of 
this  process  will  be  Aufficioatly  obvious  after  reading  the 
method  deBcribo<l  on  p.  75,  the  re«nlt  being  calculated  to 
metallic  iron. 

Carbon  is  R*<timat«d  \iy  combustion  by  tho  cupric 
chloride  procow.  iloat  will  be  required  for  dissolving  the 
nickel,  and  no  copp<!r  wtU  be  procipititted  owing  to  the 
formation  of  a  iwlobla  doable  enb-uhloride. 


I 
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Silicion  is  determined  on  bhe  residue  obtained  after 
evaporation  to  dryneas  in  aqua  regia. 

Copper  ia  estimated  after  precipitation  with  H^S  from 
a  dilute  HCl  or  H^O,  solution  by  the  process  described 
on  p. 211. 

Manganese  ia  boat  determined  by  the  bismuthate  pro- 
cess on  the  precipitate  obtained  with  bromine  and  am- 
monia, after  re-dissolving  in  HCl,  and  evaporating  to 
fumes  with  sulphuric  acid. 

Sulphur  ia  estimated  by  the  aqua  regia  process. 


] 


Analtsis  op  Fkbeo- 

Detei'viination  of  Carbon^  Silicon, 
Sulphur,  and  Phosphorus. 


I 


Carbon  is  determined  by  direct  combustion  in  oxygen, 
after  mixing  the  alloy  with  red  lead.  (This  re-agent  could 
be  dispensed  with  altogether  as  ferro- molybdenum  ia 
easily  oxidized  in  a  stream  of  oxygen,  but  molybdic  oxide 
sublimes  and  covers  the  inside  of  the  tube  just  beyond 
the  red-hot  portion.)  The  reaction  with  red  lead  is  some- 
times very  energetic,  and  beads  of  metallic  lead  are 
formed  which  occasionally  pierce  the  bottom  of  a  porce- 
lain boat  and  attack  the  tube.  It  is  advisable,  therefore, 
to  line  the  inside  of  the  boat  with  a  thin  layer  of  freshly 
ignited  asbestos  before  introducing  the  assay. 

Silicon  is  determined  exactly  as  in  steels,  and  phos- 
phorus preferably  by  the  combined  method  doaoribed  for 
steels.  Sulphur  and  manganese  should  be  determined 
gravimetrically  Ijy  the  usual  methods. 


' 


a 


Determination  of  Molybdenum. 

0"5  grsmme  of  the  alloy  is  dissolved  in  hydroctlorio 
acid,  and  the  iron  oxidized  with  nitric,  The  solution  is 
evaporated  to  dryness  and  the  residue,  without  baking,is 
dissolved  again  in  hydrochloric  acid.  If  much  silica  re- 
mains. Alter  through  a  small  pulp  filter,  and  after  washing, 
put  the  filter  bodily  into  the  strong  solution  of  caustic 
aoda.  The  filtrate  and  washings  are  then  partially  neu- 
tralized with  caustic  soda  aolutiou,  and  the  mixture 
delivered  exactly  as  described  under  the  determination  of 
molybdenum  in  steel,  into  the  caustic  aoda  solution.  The 
remaining  operations  are  then  performed  exactly  in  the  i 
manner  and  order  epecifiod. 

The  approximate  percentage  of  molybdenum  in  the  | 
alloy  is    generally  known  beforehand,  and  the  amount  1 
weighed  off,  or  the  amount  of  alkaline  filtrate  from  the 
ferric  hydrate  ehould  be  arranged  to  provide  from  O'l  to 
0'15  gramme  of  actual  molybdenum  for  precipitation  as 
molybdate. 

The  precipitate  obtained  from  large  amounts  of  molyb- 
denum by  means  of  lead  acetate  may  not  conform  to  the  i 
formula  PhMoO^,  as  it  is  frequently  basic.  This  is  not  so  ■ 
when  the  above  amounts  are  selected,  and  when  the  pre- 
cipitation is  carried  out  exactly  as  described  under  the 
analysis  of  steel.  By  redisaolving  the  ignited  precipitate 
in  hydrochloric  acid  with  a  fow  drops  of  nitric  acid,  dilut- 
ing copiously,  adding  ammonium  hydrate  until  a  faint 
permanent  opalescence  is  obtained,  then  an  excess  of  am- 
monium acetate,  and  finally  two  drops  only  of  the  4^ 
lead  acetate  solution,  pure  lead  molybdate  is  precipitated, 
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aud  ita  weight  should  not  differ  from  the  one  previonaly 
ohtainod  cxoopt  to  the  estent  of  legitimate  manipulati' 
error.     A  loss  of  weight  not  thus  explainable  indica) 
that  the  original  precipitate  was  basic. 


Molybdenum  PowdtT. 


Molybdenum  powder  ia  analyzed  by  the  same  methi 
aa  applied  to  ferro- molybdenum. 

I  u  dotermiaing  the  chief  constitaent  a  slight  niodifioa- 
tion  may  be  introduced  with  advantage.  After  extrttcting 
tlio  evaporated  acid  solution  with  hydrochloric  acid  and 
filtoring,  the  residue  on  the  filter  should  be  dried,  trans- 
ferred to  a  nickel  crucible,  covered  with  aodium  peroxide 
and  hoat  cautiously  applied  to  burn  the  pulp  and  fuse  the 
residue.  On  extracting  with  water,  the  filtrate  from  any 
insoluble  residue  ia  added  to  the  main  solution  obtained  by 
making  it  strongly  alkaline  and  removing  the  slight  pre- 
cipitate of  ferric  hydrate. 

Molybdenum  powders  can  be  opened  out  by  most  of 
the  usual  fusion  mixtures  containing  some  oxidant,  bat 
care  should  be  taken  to  apply  heat  cautiously  at  first  to 
prevent  loss  of  MoOg  by  volatilization. 


Anai.y. 


a  OF   FeRHO- VANADIUM. 


Alloys  of  iron  and  vanadium  frequently  contain  com- 
paratively large  amounts  of  phosphorus,  alutuiuium  and 
copper  in  addition  to  the  chief  constituent  and  the  oaoal 
impurities. 
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Determination  of  Carbon,  SUicoh,  Sidpkur,  and 
Manganese. 

Carbon  ia  determined  by  direct  combustion  in  a  stream 
of  oxygen.  Silicon  is  determined  by  the  methoda  applic- 
able to  ateel.  The  ignited  silica  may  not  be  quite  free 
from  vanadium,  and  ita  exact  amount  should  therefore  be 
obtained  by  difference  after  KF  treatment.  Sulphur  ia 
determined  gravimetrically  as  in  ateel.  The  solution 
from  which  BaSO,  is  precipitated  must  contain  more  free 
acid  than  in  the  case  of  steel  to  avoid  precipitation  of 
barium  as  vanadate.  Manganeao  is  determined  prefer- 
ably by  the  bismuthate  proceaa. 


Determination  of  Copper. 

Dissolve  the  powdered  alloy  in  1"20  nitric  acid  (20  cc. 
per  gramme  of  alloy),  add  10  cc.  of  sulphuric  acid  and 
evaporate  to  fumes  of  sulphur  trioxide.  Cool  and  dia- 
solve  up  the  residue  in  50  cc,  of  wator.  Without  filtering 
off  silica,  add  20  cc.  of  a  saturated  solution  of  sulphur 
dioxide  and  2  grammes  of  potassium  iodide.  If  free 
iodine  separates,  add  more  sulphurous  acid  to  dissolve  it 
and  bring  the  liquid  to  the  clear  blue  colour  of  hypo- 
vanadic  solutions,  and  digest  until  the  precipitated  cuprous 
iodide  settles.  Filter  off  the  latter  and  wash  with  water 
containing  sulphurous  acid  until  the  washings  are  colour- 
less. Place  the  filter  and  its  contained  precipitate  in  a 
beaker  aud  decompose  the  cuprous  iodide  by  boiling  with 
20  cc.  of  nitric  acid  (r20)  until  all  iodine  ia  expelled  and 


K     20  cc.  of 


1 
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a  pale  blue  aolution  of  cupric  nitrate  obtained.  Strain 
off  tbe  filter  paper  (and  silica)  througk  a  small  polp 
filter,  wash  well,  and  add  ammonia  to  tbo  filtrate  until 
alkaline.  Tbe  dark  blue  aolution  thus  obtained  sbonid  bo 
free  from  any  trace  of  precipitate.  It  is  made  acid  with 
acetic  acid,  excess  of  potassium  iodide  added,  and  the 
liberatc^d  iodine  titratE'd  with  a  standanl  solution  of  sodium 
thiosulphate  exactly  as  described  under  the  detorminatii 
of  copper  in  steel. 


Delermination  of  Alummiuni. 


itlOtU^ 


Disaolve  2  grammes  of  the  powdered  alloy  in  a  lO-os. 
registered  fiask  in  a  mixture  of  60  cc.  of  water  with  10 
CO.  of  strong  sulphuric  acid.  Filter,  wash,  and  dilute  the 
BItrate  to  200  cc.  Add  one  gramme  of  sodium  phosphate, 
neutralize  to  a  faint  precipitate,  re-diasolve  in  hydro- 
chloric ncid,  add  aereral  grammes  of  aodium  thiosulphate 
and  30  cc.  of  acetic  acid.  Boil  for  twenty  minutes,  filter, 
wash  and  ignite.  lie-dissolve  in  hydrochloric  acid,  add 
ammonia  till  strongly  idkaline,  and  digest.  Filter  off  the 
precipitated  aluminium  phosphate  and  reject  the  filtrate 
containing  the  copper. 

Re-dissolve  the  precipitate  in  hydrochloric  acid,  add 
ammonia  until  alkaline  and  2  grammes  of  ammonium 
pho§phate.  Boil  for  ten  minutes  and  filter  off  the  AlPO^ 
containiDg  a  traoe  of  iron.  The  vanadium  is  now  com- 
pletely separated.  If  tbe  colour  of  the  ignited  prccipitata 
suggests  the  presence  of  more  than  a  traoo  of  iron,  re-dnj 
solve  and  re- precipitate  by  means  of  sodtam  thiosutphi 
t  the  usual  manner. 


I 


Determination  of 

PhoBphorua  can  be  determined  in  ferro-vanadium  alloys 
by  any  of  the  ordinary  methods.  The  precipitate  ob- 
tained with  ammnnium  molybdate  is  much  deeper  in 
colour  than  pure  ammoniam  phospho-molybdate,  and  it 
contains  vanadium  in  small  quantities.  By  weighing 
it  aa  obtained  or  after  its  conversion  to  lead  molybdate 
the  roBulta  are  nevertheloaa  low,  although  sufficiently 
accurate  for  practical  purposes.  A  more  exact  result  is 
secured  by  precipitating  in  the  cold  from  a  nitric  acid 
solution  to  which  has  been  added  sufficient  ferrous  iron 
to  rednce  the  vanadic  to  hypovanadic  acid,  and  allowing 
about  an  hour  for  the  yellow  precipitate  to  settle. 


Determination  of  VanaiUum. 

Method  I. 

Dissolve  0'6  gramme  of  the  alloy  in  10  cc.  of  1'20 
nitric  acid  in  a  deep  platinum  diah  covered  with  a  lid 
until  decomposition  is  complete.  Evaporate  to  dryness 
and  bake  strongly  on  the  hottest  part  of  the  plate  so 
as  to  make  the  residue  capable  of  being  detached  al- 
most entirely  and  pulverised  by  means  of  n  rounded 
glass  rod.  Intimately  mis  it  with  3  grammes  of  sodium 
carbonate  and  the  same  weight  of  finely- powdered  sodium 
nitrate,  and  fuse  the  mixture  over  a  powerful  bunaen 
flame  until  a  thoroughly  homogeneous  liquid  melt  is 
secured.  Allow  to  cool,  boil  out  with  wnter,  transfer  to 
a  300  cc.  flask,  cool,  dilute  to  the  mark,  and  filter  off 
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250  cc.  through  a  double  thickness  of  Atj  filter  paper. 
The  filtrate  is  then  treated  in  one  or  other  of  the  fol- 
lowing ways,  according  to  whether  a  volnmetric  or  a 
gravimetric  estimation  of  the  vanadium  ia  desired, 

(a)  Volumetnc. — Acidify  the  filtrate  with  sulphuric 
acid,  evaporate  to  fumes  of  SO^,  dilate,  reduce  with  50,, 
boil  off  tlie  excess,  and   titrate  the  cooled  solution  with 

potassium  permanganate,  each  cc.  of  which  registers 

0*00512  gramme  of  vanadiam. 

((')  Qravimelric. — Bring  the  filtrate  to  boiling-point 
and  add  1-20  nitric  acid  a  little  at  a  time  until  s 
drop  of  the  solution  reacts  acid  when  applied  to  litmus 
paper.  Then  add  20  cc.  of  ammonium  acetate  and  a  solu- 
tion of  lead  acetate  of  any  convenient  strength  until  it 
produces  no  further  precipitate.  Boil  for  two  minutes, 
filter,  wash  with  hot  water,  dry  and  ignite  at  a  low 
red  heat  until  the  filter  ia  completely  destroyed.  The 
ignited  precipitate  corresponds  almost  exactly  to  tfao 
formula  2  rb^V^Oj-PbO,  and  contains  13-8  pBP  ( 
vanadium. 

Method  //, 

Dissolve  0'5  gramme  of  the  alloy  ia 
acid  (1  part  acid  to  6  parts  water),  and 
(and  vanadium)  by  the  addition  of  a  few  oc,  «*"  n) 
nitric  acid.    Boil  well  and  add  s  solution  fjf 
permanganate  until  the  carbonaceous  multi 
If  a  prpcipitato  of  manganese  diosidu   form 
with  a  few  drops  of  »  solution  <if  f(- 
then  thoroughly  cool  the  liqnicl.  ^ Jf ow  add, 
time,  s  solution  of  pototiRiaia. 
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It  peraiats,  thereby  ensuring  the  existence  of  the 
aa  vanadic  acid  (V^O^).  From  a  burette, 
I  with  a  decinormal  f^ohition  of  ferrous  ammonium 
\,  which  haa  been  carefully  standardized  with  a 
of  permanganate  of  the  same  strength,  do- 
^e  contents  capefnlly  into  the  assay.  After  each 
addition  make  tho  usual  spot  test  on  a  white  slab 
.ning  drops  of  a  very  dilute  solution  of  potassium 
'  yanide.  The  titration  is  finished  when  a  drop  of  the 
I  gives  an  immediate  blue  colour. 


Analysis  of  Feruo-titanidm, 

Alloys  of  iron  and  titanium  can  generally  be  dacom- 

I  with  the  usual  acids  and  the  ordinary  processes 

r  the  determination  of  silicon,  sulphur,  and   manganese 

Iplied.    Carbon  is  determined  by  direct   combustion  in 

btream  of  oxygen, 


Determination  of  Titanium  and  Iron. 

I  Mis  0'6  gramme  of  the  finely-divided  alloy  with  a 
trge  excess  of  powdered  acid  potassium  sulphate,  and 
I  the  mixture  to  a  homogeneous  melt  over  a  hot 
Dunseu  flame.  When  cold  add  water,  and  digest  until 
everything  is  detached  &om  the  platinum  dish,  and  then 
add  sufficient  sulphuric  acid  (about  15  cc)  to  take  all 
into  solution  except   silica.    The   latter  is  removed  by 
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filtration,  wasted,  and  ignited.  After  weighing  (if 
thought  necesaary)  it  is  fused  again  with  a  small  quan- 
tity of  acid  potassium  sulphate  and  hoiled  out  with 
water  and  a  few  drops  of  sulphuric  acid.  The  filtrate 
from  the  silica,  now  pure,  is  added  to  that  from  the  first 
fusion.  The  mixed  filtrates  are  then  diluted  to  300  cc, 
and  the  solution  divided  into  throe  equal  parts. 

I,  Add  ammonium  hydrate  until  a  faint  precipitate  is 
formed,  and  then  excess  of  sulphurous  acid.  In  this 
way  the  iron  is  reduced,  leaving  the  titanium  unattacked. 
Boil  off  the  excess  of  sulphur  dioxide  and  determine  tho 
iron  Ijy  titration  with  a  standard  solution  of  potasflium 
permanganate. 

II.  Neutralize  with  ammonia  up  to  the  formation  of  a 
slight  precipitate,  clear  tho  solution  with  a  few  drops  of 
hydrochloric  acid,  and  add  about  15  grammes  of  sodium 
thiosulphats  dissolved  in  water.  Boil  for  twenty  minutes, 
filter,  wash  with  water  containing  acetic  acid,  ignite  very 
strongly  and  weigh  as  'I'iO^. 

HI.  The  third  portion  of  the  original  filtrate  can  be 
used  for  an  approximately  accurate  determination  of 
both  elements,  iron  and  titanium.  Tho  method  depends 
upon  the  fact  that  sulphuretted  hydrogen  or  sulphur 
dioxide  reduce  tho  iron  only,  and  nascent  hydrogen 
reduces  both  tho  iron  and  the  titanium. 

Dilute  the  100  cc.  representing  0'2  gramme  of  the 
alloy  to  about  200  cc.  and  pass  a  current  of  washed  sul- 
phuretted hydrogen  through  the  solution  to  saturation. 
Boil  to  the  complete  expulsion  of  the  excess  ofE^S,  cool 
as  quickly  as  possible,  and  titrate  the  iron  with  a  standard 
solution  of  potassium  permanganate,  Cover  the  fiask 
with  an  inverted  crucible  lid  carrying  several  rods  of 
pure  zinc  arranged  to   dip  into   the  solution,  add  a  few 
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oc.  more  of  sulphuric  acid,  and  boil  gentJy  for  forby-fiv( 

ininuteB.    Remove  the  sitic  rods,  and  again  titrate  ths  I 

aolntion   with   permanganate.      The  difleronce   between  f 

the  oc.  used  in  the  two  titrations  represents  the  titanium. 

N 
1  cc.  of  —  KMnO,  =  0-0002't  gramme  Titanium, 


Determination  of  Pkosphorus.    (Pattinson). 

Dissolve  2  grammes  of  the  alloy  in  1'20  nitric  acid, 
evaporate  to  dryness  and  dissolve  the  residue  in  hydro- 
chloric acid.  Add  ammonia  until  a  faint  precipitatti  is 
formed,  and  then  sufBcient  sulphurous  acid  to  reduce  the 
iron.  Kow  add  about  1  gramme  of  potash  alum,  and 
then  ammonium  hydrate  to  the  formation  of  a  sufficiently 
large  precipitate  of  aluminium  phosphate  to  contain  the 
j  whole  of  the  phosphorus,  but  not  large  enough  to  incor- 
I  porate  more  than  traces  of  iron.  Filter  off,  wash,  dry, 
and  ignite.  Fuse  the  residue  with  a  large  excess  of 
sodium  carbonate,  digest  the  cooled  melt  with  water,  and 
filter  off  any  residue  of  ferric  oxide  and  sodium  titanate. 
The  sodium  phosphate  in  the  filtrate  is  collected  by  adding 
1  few  uc.  of  ferric  chloride  aotution,  filtering  and  dis- 
Bolviog  in  nitric  acid.  The  determination  is  then 
carried  to  completion  by  one  or  other  of  the  ordinary 
methods. 


I 


Analysis  of  Febeo-Tantahtm, 

The   essential    constituents   of   ferro- tantalum, 
[  carbon,  iron,  and  tantalum,  are  re&dity  determined  by  the  I 
following  methods: 
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Determination  of  Carbon. 


I 


One  grammo  of  the  alloy,  finely  powdered,  ia  mixed 
with  ignited  manganese  dioxide,  and  the  mixture  burnt 
in  a  stream  of  oxygen,  as  already  described. 


Determination  of  Tantalum,  Iron^  and  Manganeat^^ 

One  gramme  of  the  finely-divided  alloy  is  placed  in  a 
deep  platinnm  dish,  and  opened  out  with  hydrofluoric 
acid  and  strong  nitric  acid,  exactly  as  described  in  con- 
nection with  tungsten  powder.  When  the  nitric  aoid 
ceases  to  produce  any  further  visible  action,  all  the  alloy 
will  bo  found  to  have  disappeared  except  a  amaU  residue 
much  blacker  in  colour  than  the  original  alloy.  The 
mixture  is  heated  gently  on  the  plate  for  about  half-an- 
hour,  after  which  5  cc.  of  strong  sulphuric  acid  are  added, 
and  the  evaporation  continued  until  copioua  fomea  of 
sulphur  trioxide  escape. 

The  aemi-soHd  mass,  after  becoming  cold,  is  covered 
with  about  8  grammes  of  pure  acid  potassium  sulphate, 
and  the  mixture  heated  over  a  bunsen  flame  until  it  is 
reduoed  to  a  thick  liquid.  The  dish  is  then  held  well 
down  in  the  fiame  by  the  tongs,  and  the  liquid  melt  kept 
in  motion  for  two  minutes,  after  which  it  is  allowed  to 
cool. 

The  residue  is  boiled  out  with  a  mixture  of  equal 
parts  of  strong  hydrochloric  acid  and  water,  and  the 
tantalic  oxide  filtered  off,  washed  well  with  hot  dilute 
acid,  and  finally  with  water,  ignited  strongly  and 
weighed, 

X'OjOj,  X  0-82  =  Tantalum. 
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The  filtrate  (and  washings)  from  the  tantalic  oxide  is 
neutralized^  and  the  iron  precipitated  as  basic  acetate^ 
leaving  a  filtrate  in  which  the  manganese  is  determined 
as  usual.  The  basic  acetate  of  iron  is  re-dissolved  in 
acid^  neutralized,  reduced^  and  the  iron  determined  by 
titration  with  a  standard  solution  of  potassium  bi- 
chromate. 


SECTION  II.     ORES. 


ANALYSIS   OF    IBON    OBES. 

TnK  industrial  ores  of  iron  may  be  roughly  divided  int 

three  classes: 

1.  Ferric    oxides.     Type,  hematite   1^0,  =  Pe  70^^  J 
0  30%. 

2.  Perroso- ferric  oxides.     Type,  magnetite  FcjOj  o 
(KtO,  Fe,A)  =  -^^A  69%.  -PeO  31%,  Fe  72'4%. 

3.  Ferrous  carbonatoa.    Type,  clay  iroaatone  FeCOg  or 
{FuO.  COo)  =  FeO  62%,  COg  38%,  Fe  48-2%. 

(Calcined   clay  iron-atone   may  be   regarded   i 
artificial  hematite.) 

These  ores,  it  need  hardly  be  stated,  are,  so  far  e 

commercial  quantities  are  concerned,  never  to  formala.1 

They  always  contain  more  or  less  of  the  following  ii 

purities — silica  SiO^,  alumina  Ah/)^,  manganous  osidw 

MnO,   peroxide    of    manganese    MnOn    phosphoric  n 

PjO^,  sulphuric  acid  SOj,  iron  pyrites  or  ferric  sulpli 

L  FeS..,  lime  CaO,  magnoaia  MgO,  moistnre  and  combined  I 

I  Kiiter  HjO,  and  organic  matter;   often,  also,  titanic  acidi 

'   ISOy  is  present.     There   may  sometimes  exist  in  the  ore  I 

ei&Br  the  oxides  or  sulphides  of  the  following  metalsjj 

duonmim.  Arsenic,  copper,  nickel,  lead,  zinc,   barium,] 

TnM^SlD,  potassium,  and  sodium. 

6  fijregoing,  in  addition  to  CO^,  J^eO,  and 
314 
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constitute  a  formidable -looking  list,  and  if  it  were  neces- 
sary in  practical  work  to  follow  tlie  elaborate  Bcheme  of 
analysis  aometimes  formulated,  of  eatimating  every  trEice 
of  every  element,  and  assigning  to  it  its  actual  form  of 
existence  in  tlie  ore,  the  world  would  have  to  wait  for  its 
iron.  In  the  great  majority  of  cases  it  is  only  requisite 
to  determine  as  nearly  as  possible  the  following  snb- 
stances : 

Troii,  existing  as  Fe.,0^. 

Iron,  existing  as  FeO. 

Manganese,  best  calculated  to  AfwO^  in  oxides,  and  to 
MnO  in  carbonates. 

SiliciouB  residue,  aometimes  reported  as  SiO.^,  but  often 
impure,  containing  small  quantities  of  oxide  of  iron, 
alumina,  titanic  acid,  lime,  magnesia,  and  rarely  potaeh 
and  soda. 

Phosphorus,  existing  as  PJ^^. 

Arsenic. 

Sulphur,  existing  partly  as  SO^  {in  which  form  it  is 
naually  reported) ,  but  sometimes  chiefly  aa  FeS^. 

Alumina,  At^O-^. 

Lime,  CaO. 

Magnesia,  MgO, 

Carbonic  acid,  CO^. 

Hygroscopic  moisture. 

Combined  water  and  organic  carbon. 

After  describing  fully  the  methods  by  which  the  items 
in  the  above  list  are  estimated,  the  authors  will  deal  more 
briefly  with  the  determinations  of  chromium,  copper,  and 
nickel,  the  analysis  of  the  siliciouB  residue,  the  approxi- 
mate estimation  of  titanic  acid,  and  the  alkalies. 
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Sampling  the  Ore. 


J 


It  IB  &r  easier  to  make  an  accurate  analyBis  of  the  ore 
than  to  eosare  tlie  selection  of  an  absolutely  representative 
sample.  This  must  depend  in  a  great  measure  upon  the 
judgment  of  the  analyst  when  this  duty  devolves  upon 
him.  It  ia  only  poasibic  to  advise  a  judicious  selection  of 
representative  pieces  from  different  parts  of  the  parcel, 
and  again  taking  from  these  smaller  pieces,  and  crushing 
and  mixing  the  whole  of  the  latter.  Of  course,  aggregated 
crystals  of  quartz,  calcite,  pyritea,  apatite,  etc.  must  be 
avoided,  and  yet  the  attempt  must  be  made  to  obtain  a 
fairly  representative  percentage  of  these  in  the  sample. 
The  latter,  after  being  coarsely  powdorod  in  a  large  clean 
iron  mortar,  should  at  once  be  placed  in  a  woll-stopperod, 
wide- mouthed  bottle. 


DkTEBUI NATION    OF    MoiSTUBE. 

(Time  occupied,  about  1  day.) 


This  constituent  being  liable  to  change  in  a  warmi 
laboratory,  should  be  determined  at  once.  Clean  a  shalloiT' 
platinum  or  porcelain  dish  about  3  in.  in  diameter,  heat 
it  slightly,  and  allow  to  cool  in  the  desiccator.  When 
cold,  introduce  about  20  grammes  of  the  ore,  and  ascer- 
tain the  exact  weight  of  the  diah  +  ore.  Place  them  in 
an  air-bath,  and  beat  for  several  hours  at  100°  C,  till 
the  weight  of  two  consecutive  weighings  made  at  an 
interval  of  an  hour  are  practically  identical,  the  diah  and 
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ita  contents  before  each  weighing  having  been  of  coone 
allowed  to  go  quite  cold  in  the  desiccator:  the  difference 
between  the  original  and  final  weighings  is  hy groscopio 
water. 

The  whole  of  this  dry  ore  may  now  be  finely  pulverized 
in  a  Wedgwood  ware  mortar,  passed  through  a  90  mesh 
transferred  to  a  dry,  wide-monthed  stoppered 
bottle,  and  be  employed  throughout  for  the  determina- 
tion of  the  other  constitnente,  the  percentages  of  which 
will  have  reference  to  the  ore  dried  at  100'  C,  and  not 
to  the  original  sample,  upon  which,  however,  the  results 
may  be  ultimately  calculated  if  desired. 


I 


DbTK  RSI  I  NATION  OP  THB  ToTAL  IbOK. 

For  hematites,  magnetites,  and  clay  ironstones  prac- 
tically completely  decomposed  by  hydrochloric  acid,  and 
containing  only  a  small  percentage  of  organic  matter,  this 
is  a  rapid  process  occupying  only  about  an  hour,  and  is 
applicable  to  the  great  majority  of  ores. 


1 


The  Method. 

Weight  taken. — Carefully  weigh  out  and  transfer  to  a 
clean,  dry  10-oz,  flask  O'S  gramme  of  the  finely-divided 
ore. 

Dissolving. — Add  25  cc.  of  strong  hydrochloric  acid, 
put  a  watch-clasB  on  the  flask,  and  boil  till  the  insoluble 
residue  is  fairly  white.  In  ores  high  in  silica  the  flusk  is 
beat  heated  on  a  pipe-stem  triangle,  otherwise  the  flask  is 
liable  to  bump  or  spit. 
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Oeidizing  organie  matter. — If  the  ore  containa  any  ap-4 
preciable  percentage  of  organic  matter,  cautiously  add  toA 
the  solution  about  a  grammeof  chlorate  of  potash  crystalsil 
and  continue  the  boiling  till  the  smell  of  the  liberated'! 
chlorine  haB  disappeared.' 

Neutraliziiig. — Rinse  the  cover  and  inside  of  the  flaak'f 
with  distilled  water,  and  slowly  add  dilute  ammonia  sola- 
tion,  constantly  shaking  round  the  flask  till  a  faint  pep-1 
manent  precipitate  is  obtained. 

Reducing- — Next  pour  round  the  inside  of  the  flasfcl 
25  CO.  of  strong  sulphuroua  acid  solution  and  then  50  oo,  I 
of  water.  Boi!  the  diluted  solution  till /ree/rom  etver^  trawl 
of  SO^.  The  licjuid  should  have  a  faint  sea-green  colour  f 
quite /ree /row  nny  tinge  of  yellow. 

Titrating. — Add  to  the  ferrous  solution  10  cc.  of  dilute 
sulphuric  acid  (1  in  7),  remove  the  flask  from  the  plate, 
and  determine  the  iron  present  in  the  manner  set  forth 
on  p.  85  by  means  of  the  standard  solution  specified  on 
p.  222.  Bach  cc.  of  bichromate  used  =  1^  of  metallic 
iron  in  the  half  gramme  of  ore.  If  the  material  under 
examination  is  a  hematite  or  magnetite,  50  cc.  of  tba 
standard  solution  may  as  a  rulo  bo  at  once  run  into  the  I 
flask,  as  in  such  ores  the  metal  does  not  usually  fall  beloWl 
50%.  If  an  uncalcined  clay  ironstone  or  a  spathic  o 
bonate  ia  being  analyzed,  it  is  generally  safe  to  run  i: 
30  00.  without  over-shooting  the  mark, 

OKS  tlie  ui 
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Theory  of  the  Process. 
Thfl  hydrocMoric  twjid  converts  the  oxides  of  iron  into 
their  reapective  chloridDa,  thus — - 

FcO  +  2  ff«  =  FsCk  =  E.O 

Fep^  +  6  HC/  =  2  FeCk  +  3  H^O 

From  carbonated  orea  the  CO^  is  evolved  thus — 

FtCO^  +  2  HC/  -=  FeCl^  +  CO.  +  S.p 
The  addition  of  the  KCIO^  to  the  HCi  cauBea  an  evolu- 
tion of  a  mixtnre  of  chlorine  and  its  oxides,  which  in  the 
presence  of  organic  matter  and  water  liberate  from  the 
latter  nascent  oxygen,  which  converts  the  carbonaceous 
matter  (when  only  moderate  in  quantity}   into  CO.,  and 

Othorwiao  readily  oxidized  organic  matter  might  have 
a  reducing  action  on  the  bichromate,  and  so  cauae  the  re- 
sult to  be  registered  somewhat  too  high.  The  reasons  for 
neutralising  the  solution  before  reduction,  and  for  adding 
a  little  sulphuric  acid  before  the  titration,  have  alrondy 
been  given  respectively  on  pp.  130,  87,  whilst  the  theory 
of  the  titration  itself  has  been  fully  explained  on  p.  88. 
The  reducing  action  of  the  SO^  is  formulateii  on  p.  136, 

Detekmination  ov  Ferrods  Oxide. 

The  exact  amount  of  FeO  present  in  an  ore  can  only 

be  estimated  when  peroxide  of  manganese  is  absent.   The 

fatter  compound  oxidizea  or  chlorinizes  acid  solutions  of 

ferroua  salts  to  the  ferric  condition,  thus — 

MnO.  +  4  ECl  +  2FeCli  =  MnCL  +  2  FtCi,  +  2  H/J 


UnO.,  +  2  EJiO^  +  2  FcSO^  =  MnSO,  +  Fe.{SO,),,  +  2  Ep 
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Therefore  in  ores  containiitg  MnO^  the  percentage 
FeO  registered  will  be  more  or  less  low.' 

On  the  other  hand,  in  orea  containing  much  carbon- 
aceous matter  and  no  dioxide  of  manganese,  the  resnlt 
obtained  may  be  high,  owing  to  the  action  of  any  easily 
oxidized  organic  matter  in  reducing  the  bichromate  aola- 
tion,  when  the  oxygen  thus  absorbed  would  be  recorded 
as  due  to  the  oxidation  of  ferrous  salt.  It  is  nsnal  to  make 
an  approximate  estimation  of  ferrous  iron  so  as  to  balance 
the  analysis  in  the  cases  of  magnetites,  raw  carbonates, 
calcined  carbonates  {in  which  to  some  extent  the  FeO  ia 
a  measure  of  the  thoroughness  of  the  calcination,  after 
which  operation  the  iron  should  exist  almost  totally  in 
the  ferric  condition),  and  in  certain  brown  hematites 
{such  as  those  of  Northamptonshire),  which  have  resulted 
from  the  more  or  less  complete  decarbonation  and  oxida* 
tion  of  original  deposits  of  impure  ferrous  carbonate.  In 
red  ores  and  in  most  brown  hematites  the  estimation  ot'j 
FeO  is  not  often  a  matter  of  any  importance. 


I 


Apparatus  required. 


Fit  s  10-oz.  flaak  with  a  clean  india-rubber  stop] 
perforated  with  one  hole,  in  which  is  inserted  a  piece  of 
glass  tubing  2"  long  by  J"  inside  diameter.  Upon  this 
slip  a  piece  of  india-rubber  tubing  3"  long,  and  closed  at 
one  end  with  about  |"  of  glass  md.  In  the  space  between 
the  glass  tube  and  the  rod  there  must  be  cut  very  cleanly, 

'  Converselj  it  fiiliowi',  that  iu  the  presence  of  ferroua  iron  it  ia 
not  possible  to  oecurotety  detenDiDe  the  percentage  of  dioxide  of 
[Li&nganeBe  present,  when  meMureil  b;  ibe  chlurinc  evolved  on  treat- 
ing the  ore  witli  hydrochloric  ociii,  thtin — 

itfiiO,  +  4  HCl  =  ^  C/+JtfnC4  +  2  H,0 


1  Of^ 

ipoSH 
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with  a  keen  penknife,  a  yertioal  slit  aboat  ^''  long.  ThiB 
made- whilst  the  india-rubber  tubing  ia  distended 
OD  a  piece  of  glass  rod.  The  opening  acts  aa  a  valve 
allowing  gases  evolved  from  the  interior  of  the  flask  to 
escape  into  the  air,  but  preventing  the  latter  from  enter- 
ing the  flask,  thus  avoiding  during  the  dissolution  any 
atmospheric  oxidation  of  the  ferrous  salt. 


I 


I  The  Process. 

(Time  occupied,  about  half  an  hour.) 

W&i^ht  iahen, — Place  exactly  half  a  gramme  of  the 
very  finely-divided  ore  in  tho  clean  and  dry  10-oa.  flask. 
Next  add  2  or  3  tenths  of  a  gramme  of  pure  dry  eodiam 
oarbonftte  (Na^CO^).' 

I}isgolving. — Add  26  cc.  of  strong  HCl,  and  quickly 
insert  the  india-rubber  stopper  and  valve.  Hoat  the 
contents  of  tho  flask  as  rapidly  as  safely  possible,  and 
maintain  at  a  gentle  boil  till  the  insoluble  matter  ia  fairly 
white,  then  take  ofi^the  plate. 

Diluting. — Remove  the  stopper,  and  add  promptly 
100  cc.  of  recently -boiled  water,  then  rinse  the  stopper 
and  sides  of  the  flask. 

Titrating, — Teat  a  drop  of  the  solution  with  a  drop  of 
the  very  dilnto  solution  of  potassic  ferricyanide  placed  on 
the  white  slab  to  see  if  the  blue  colour  indicative  of  the 
presence  of  FeO  is  produced;  if  not,  the  iron  in  solution 
exists  totally  as  ferric  chloride.     If,  however,  the  ferri- 

'  This  OH  llie  addition  of  the  acid  cxpela  the  air  in  the  vicinity  of 
the  liquid,  tliuB  redui-ing  the  chances  of  ntmoaphcric  oxidation  of  the 
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cyanide  showB  that  ferrous  iron  ia  present,  proceed  to 
titrate  tlie  liquid  exactly  as  in  the  case  of  the  assa;  fiv 
the  total  iron.  The  volume  of  bichromate  used  will  varyi 
with  different  ores.  Certain  very  pure  spathose  ores  may^i 
require  45  co.,  equivalent  to  45^  of  m^tal,  or  about 
58^  of  FeO,  Magnetite  will  not  often  require  much 
more  than  20  cc,  equal  to  20^  Fe,  or  about  25y  FeO, 
whilst  hematites  or  calcined  carbonates  may  not  take 
more  than  1  cc,  showing  that  only  about  1^%  of  J%0  u 
present. 

Conversion  of  cc.  K./^r^O:;  to  /^  FeO. — To  convert  the 
CO.  of  standard  solution  required,  which  are  each  eqai> 
valent  to  1^  of  metallic  iron,  to  their  oorrespoadi 
pcrcontago  of  i^'eO,  imdti}dy  ly  1-2857. 


\ 


Cali'idatmi  of  the  Ferric  Oxide. 

TJio  total  iron  having  boon  dotcrminod,  and  (approxi- 
mately) the  DiL'tal  existing  in  the  ferrous  state,  tiio 
difTcrcncc  between  the  two  is  necessarily  [approximately) 
the  iron  present  as  ferric  oxide.  Therefore  from  tlio 
number  of  cc.  required  by  the  total  iron,  subtract  the 
volume  run  in  for  the  ferrous  iron ;  the  remainder  is  the 
percentage  of  metal  existing  in  the  ferric  condition.  This 
multiplied  by  l'-l-286  gives  the  percentage  of  J^'/^O,.  The 
following  example  will  show  how  the  above  factors  aro 
obtained : — 

„  ^    /  re=m      tik-11  yi  =  i -28.^7, 


Example  shotving  Titrntiona  of  a  Sieedish  Magnetite. 


I 


Dbtebminatiok  op  Total  Ikoh  in  Raw  Black- 


The  variety  of  ferrona  carbonate  known  hj  the  above 
name  contains  a  largo  quantity  (up  to  25%)  of  carbon- 
aceous matter.  To  ensiiro  an  accurate  OBtimation  of  the 
total  metal  it  contains,  tho  proceafi  used  for  ordinary  ores 
requires  modifying  in  the  manner  about  to  bo  described. 


The  Process. 
(Time  occupied,  about  2  hours.) 

Wdght  ialien. — Weigh  out  into  a  platinum  crucible 
exactly  0"5  of  the  finely-divided  black  ore. 

Calcining. — Cover  tho  crucible,  and  place  it  on  a  pipo- 
stem  triangle  resting  upon  a  tripod;  then  cautiously  heat 
the  crucible  by  meana  of  a  Bunaen  burner  till  the  organic 
natter  has  burnt  off. 

Dissolving. — Place  the  crucible  and  cover  in  a  20-oz. 
beaker  containing  50  cc.  of  nearly  boiling  strong  hydro- 
chloric acid  solution,  and  boil  till  the  whole  of  the  Fe^O^ 
has  passed  into  solution,  then  wash,  and  remove  the 
cover  and  crucible,  and  quietly  evaporate  to  low  bulk, 
say  10  cc. 


{ 
I 


Treatment  of  the  golution. — Transfer  the  liqnid  without 
loss  to  a  10-Dz.  flask;  it  is  then  aeutr&Vized,  reduced, 
acidified,  titrated,  and  tbo  percentage  of  iron  i 
exactly  as  described  on  p.  322  for  the  estimation  of  ores 
practically  free  from  organic  matter. 


Dbtkrmination  or  Feeboub  Oude  in  Raw 
Blaccbahd  Obks, 

Apparatus  required. 

Fit  up  a  120  cc.  graduated  Sask  with  an  india-rubl 
stopper  and  vftlve  in  the  uanaer  described  on  p.  320. 


The  Process. 
(Time  occupied,  about  1  hour.) 


i 


Weight  {qhen. — Weigh  out  into  the  dry  flaak  exactly 
0-6  gramme  of  the  6nely-divided  ore  together  with  a  little 
pure  sodium  carbonate. 

Dissolving. — Add  25  cc.  of  strong  hydrochloric  acid, 
insert  the  stopper,  and  cautiously  boil  the  contents  of  the 
flaak  tilS  it  is  judged  that  all  soluble  matter  has  dissolved. 

Diluting. — Next  remove  tho  stopper,  add  05  co.  of 
recently- boiled  water,  loosely  replace  the  stopper,  and 
coo!  the  flask  and  its  contents  under  the  tap;  when  cold, 
rinse  the  stopper  and  neck  of  the  flask  till  the  wash- 
water  brings  the  solution  to  the  mark.  Close  the  flask 
with  a  plain  india-rubber  stopper,  and  thoroughly  mix 
the  contents  by  repeated  inversions. 

Filiering  off  the  organic  mallpr. — Allow  tho  iDBoluble 
matter  to  settle,  and  filter  off  exactly   lOl)  cc.   of  the 


Theoretical  Considerations. 


Bolution  through  a  dry  110  mm.  filter  into  a  gradaated 
6ask.  Transfer  this  withoat  tosa,  naing  recently-boiled 
wash-water,  to  a  10-oz.  flask. 

Titration. — This  ia  carried  out  and  the  result  calculated 
to  FeO  exactly  as  described  on  p.  322. 

I  The  foregoing  process  is  not  strictly  accurate.  A  little 
rous  iron  is  unavoidably  converted  during  the  opera- 
tions to  the  ferric  state;  but  on  the  other  hand,  it  is 
probable  that  any  organic  matter  in  the  solution  reduces 
some  of  the  bichromate,  thus  possibly  producing  a  com- 
pensating error.  The  reason  for  using  throughout  the 
analysis  recently  well-boiled  water  is,  that  it  is  for  the 
time  being  free  from  dissolved  oxygen,  which  if  present 

I  would  oxidize  the  ferrous  salt. 
I  Add  potaiaittm  tulphate. — This  salt  may  sometimes  be 
"jparchased  pure  and  free  from  water,  but  to  be  quite  sure 
of  its  purity  it  is  best  made  in  the  laboratory.  It  ia  pre- 
pared in  the  following  manner:  Introduce  into  a  large 
porcelain  basin  100  grammes  of  pure  powdered  potassium 
nitrate  and  60  cc.  of  pure  concentrated  sulphuric  acid. 
Place  the  basin  on  a  tripod,  and  cautiously  heat  over  a 
Bunsen,  graduaUy  increasing  the  temperature  until  bo 


I   DxTEBHUtATIOH  OF  ToTAL  IboK  tM  ObES  HOT 
BOLDBLK  IN  HtDBOCHLOBIC  AcID. 

Re-agent  required. 


$w 
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more  fmnee  of  nitnc  acid  are  erolved,  and  white  fames  of 
Bulpburicacid  begin  to  Bp{>ear.  Allow  the  liquid  sulphate 
to  cool  till  it  begins  to  solidifr,  then  break  np  the  setni- 
Bolid  maSD  with  a  glass  rod.  ^Vhen  cold,  place  the  acid 
Bait  in  a  largo  platiniun  dish,  supported  OQ  a  pipe-stem 
triangle  placed  on  a  tripod,  and  again  quietly  fuse  the 
Halt,  80  as  to  drive  off  the  last  traces  of  water  and  &ee 
Hulpburic  acid.  Be  careful,  however,  not  to  raise  the 
toiiiporatnre  sufficiently  to  drive  off  the  combined  salphnric 
acid.  The  fused  inaaa  is  allowed  to  solidify,  and  when  cold 
in  powdered  and  preserved  for  use  in  a  stoppered  bottle. 
It  should  bo  pure  white  in  colour. 


The  Process. 
(Time  occupied,  about  1  hour.) 

Wei'jht  taken, — Weigh  out  into  a  3-in.  platinum  d 
0'5  gramme  of  the  finely-divided  ore,  and  intimately  n 
it  with  6  grammes  of  the  powdered  acid  sulphate. 

fusing. — Heat  tho  covered  dish  gently  over  the  Boi 
sen  till  fusion  takoa  place,  and  then  raise  tho  heat  1 
Todnoss,  continuing  tho  fusion  for  15  min.     The  lamp  j| 
lki«a  removed.    When  cold,  tho  dish  and  cover  are  boile 
te  ft  20-01.  beaker  containing  50  cc.  of  water  mixed  wiq 
t'«tftoc.  of  strong  sulphuric  acid,  till  the  mass  of  biU| 
MJkiJkM  is  completely  dissolved  out  from  the  insolubu 
M^^lti*  dish  and  cover  being  then  removed. 

im^^t^fml  *f  the  solution. — Tho  acid  liquid  is  trans- 
'MMt  ni>fc:»l  loas  to  a  lO-oz.  flask,  is  neutralized,  re- 
[^  md  titrated  in  accordance  with  the  in- 


iMVKW  p. 


318. 


L 


Theory  of  the  Process. 

When  strongly  heated,  the  acid  sulphate  givea  off  free 
Bulpharic  acid  by  the  reaction  formulated  on  p.  69.  The 
acid,  at  the  comparatively  high  temperature  of  the  fneioa, 
readily  attacks  the  oxidea  of  iron  present,  thus — 

J^O  +  ff.6'0,  =  FeSO^  +  H^O 
F^'^O^  +  3  HJiO,  =  Fe.lS0,)3  +  3  H.0 

The  ferrous  and  ferric  sulphates,  together  with  the  co- 
produced  normal  potassium  sulphate,  readily  dissolve  in 
the  acidulated  water.  The  SiO,^  is  left  insoluble,  but  the 
other  bases  pass  into  solution  as  MnSO^,  ii/a(SOj)j,  CaSO^, 
MgSO^,  etc. 


I 


Determination  op  FeO  in  Insoludlb  Orbs, 

Apparatus  required. 

Fit  up  the  apparatus  aketched  in  Fig.  16:  A  is  a  per- 
fectly flat  fire-clay  plate  6"  sq.  +  ^"  thick,  and  perforated 
in  the  centre  with  a  hole  2  J"  in  diameter.  In  this  rests  a 
covered  3"  platinum  dish,  over  which  is  inverted  a  suf- 
ficiently large  fire-clay  crucible,  B,  in  the  bottom  of  which 
a  hole  has  been  drilled,  into  which  has  been  cemented  a 
bent  glass  tube  -J"  inside  diameter.  The  cement  with 
which  to  fix  this  in  is  made  by  kneading  to  a  very  stiff 
dough  a  littlo  finely-ground  ganister  with  thick  liquid 
silicate  of  soda.  On  leaving  the  fitted  crucible  for  a  few 
hours  on  the  hot  plate,  the  cement  sets  harder  than  the 
burnt  fire-clay  itself. 
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Tlie  Process. 
(Time  occnpieil,  about  2  bours.) 
WffigM  taleen. — Intimately  mix  0'5  gramme  of  tho  o« 


with  6  grammes  of  acid  pota 
procdBB  l&st  deacnbed.    PUcc 


jf  the  perforated  plate,  and  support  the  latter  on  a 

d.   The  fire-clay  crucible  is  then  inverted  over  the 

,  and  the  glass  bend  is  connected  with  an  apparatus 

ving  CO^  washed  by  passing  it  through  a  cylinder  of 

^r.    Fig.  16  c  is  a  washing  cylinder;  d  a  filter-pump 

sel  containing  marble  and  water,  into  which  hydro- 

.  oric  acid  is  delivered  as  required  from  a  separator. 

)fls  the  gas  for  several  minutes,  till  it  is  judged  that  the 

I  the  dish  and  its  vicinity  is  expelled,  then,  very 

■utionsly  as  first,  heat  the.  bottom  of  the  dish  with  a 

piDBen  burner  for  the  same  length  of  time  as  that  occu- 

1  the  fusion  for  estimating  the  total  iron ;  then  take 

Way  the  lamp,  and   allow  the  dish  and  its  contents  to 

a  tho  current  of  CO^- 

Distolving. — The  fused  mass  is  extracted  in  a  covered 

laker  by  heating  with  dilute  sulphuric  acid,  the  cover 

bid  crucible  are  rinsed  with  recently  boiled  water,  and 

B  then  removed. 

Titration, — Next,  without  loss  of  time,  the  acid  solu- 
tion is  titrated  in  the  beaker  with  the  standard  bichrom- 
ate solution,  and  the  cc.  required  are  converted  to  FeO 
by  iDultiplying  them  by  I'2867. 

Theoretical  Considerations. 

The  result  obtained  by  the  foregoing  process  is  only 
approximate,  being  always  somewhat  low  from  a  alight 
oxidation  of  the  FeSO^  to  Fe.^(80,)^  by  the  action  of  the 
air,  the  —  error  being  of  course  increased  if  peroxide  of 
manganese  was  originally  present  for  the  reason  specified 
on  p.  320.  The  object  of  carrying  out  the  fusion  in  an 
atmosphere  of  CO^  is  of  course  to  reduce  the  atmospheric 
oxidation  to  a  minimum. 


1 


J 


danl  bichromate  eolution  to  oxidize  the  excess  of  ferroDS 
iron;  then  100- 89  =  1 1,  and  llx-02  =  0-22  Un,  and 
0*22  X  1-582  =  0'35%  MnO^. 


Gravimetric  Metfwd. 
(Time  occupied,  about  ^  day.) 

Weight  taken. — Weigh  out  2'88  grammes  of  the  ore 
into  a  20-oz,  covered  beaker. 

jyUsoluing. — Digest  with  50  cc.  strong  HCl  till  the 
residue  ia  neurly  white;  then  oxidize  any  ferrous  iron  by 
boiling  for  a  minute  or  two  with  2  cc.  strong  nitric  acid. 

Retnaining  operations. — Make  up  when  cold  to  from 
60  to  60'5  cc,  aocordiug  to  the  amount  of  silicic  residue 
present.  Filter  off50cc,,  and  treat  the  Eolution  thus 
obtained  containing  2'4  grammes  of  ore  exactly  according 
to  the  process  described  for  the  gravimetric  estimation 
of  manganese  in  steel.  The  result  may  be  a  little  high, 
owing  to  the  final  residue  of  Mn^Oi  containing  traces  of 
AljO^,  ZnO,  and  BaSO^. 


The  Bismuthale  Method. 

1'32  granimes  are  treated  as  above  to  eliminate  SiO^, 
etc.  The  fractionated  solution,  represonting  I'l  gramme 
of  ore,  is  then  evaporated  with  a  few  cc.  of  strong  S^O^ 
until  it  fumes  copiously.  The  liquid  ia  then  diluted  with 
30  cc.  1'20  nitric  acid  and  treated  as  for  steels. 
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Determination  op  Manoanebe  in  OaaAKic  OtEKs. 

In  black-band  ores  2*88  grammes  of  the  ore  are  dla- 
Bolved  in  HCl  after  a  previous  calcination  as  describeil 
on  p.  323.  The  remaining  operations  are  identical  with 
those  just  described. 


Dktkkhination  of  Manqanese  in  Insoluulk  Ohes.   1 

The  manganese  in  iron  ores  inaolablo  in  ECl  is  esti- 
mated by  fusing  2*88  grammes  with  acid  potassium  sul- 
phate. The  mass  is  extracted  in  dilute  HCl;  when  cold, 
the  solution  is  made  up  to  known  bulk,  flve-sixths  are 
filtered  off,  and  the  estimation  is  proceeded  with  by  the 
aoetate  process  as  usual,  the  result  being  calculated  on 
2  grammes.  The  fused  mass  may  also  be  extracted  with 
dilute  nitric  acid,  and  after  fractionating,  the  manganese 
determined  by  the  bismuthate  process. 


Dbteemination  of  Crcbe  Silica. 
(Time  occupied,  about  3  hours.) 


I 


Weighi  taken. — Weigh  out  2  grammes  of  the  finely- 
divided  ore  into  a  20'Oz.  covered  beaker. 

Disaolving. — Add  40  cc.  strong  BCl,  boil  cautiously, 
and  eventually  quietly  evaporate  to  complete  dryness  with 
the  cover  off. 

Remaining  operations. — The  dry  mass  is  re-disaolved 
in  HCl,  and  the  insoluble  residue  is  estimated  exactly  in 


ORES 


the  manner  described  for  tlie  determination  of  ailicon  in 
steel  on  p.  65.^ 

Example. — Analysia  of  Rubio  brown  hematite.   Weight 
taken,  2  grammes  of  ore  dried  at  100"  C. 

I  Weight  of  crucible  +  residue  =  27  'SSSS 
Weight  of  crucible  =  27-6309 


)  gramme  SiO^. 


■3029  X  100 


=  15'U% 


DeTEKMINATION  of  P-iO^  IN  NON-AEflENlCAL  OeES, 

Weight  taken. — The  amount  of  ore  weighed  out  and 
the  process  to  be  used  must  be  decided  after  reading  the 
remarks  and  iospecting  the  table  on  p.  258. 

Diaeolviny. — The  ore  is  dissolved  by  boiling  with 
strong  HCl,  The  solution  is  evaporated  to  complete  dry- 
ness, the  mass  is  taken  up  in  strong  HCl,  made  up  when 
cold  to  60  cc,  and  gths  of  the  solution  ia  filtered  off." 

Remaining  operationB. — The  liquid  obtained  as  above 
IB  then — 

(o)  Diluted,  reduced,  and  the  phosphoric  acid  pre- 
cipitated as  FeFO,.  The  precipitate  is  then  dissolved  in 
accordance  with  the  method  to  be  employed ;  or 

'  When  it  is  necessary  to  obtain  tLe  silica  quite  free  from  im- 
purities, it  must  be  ftjscd  and  obtsined  pure  by  the  proceus  given  for 
ganister  on  p.  366. 

'  In  the  cute  of  ores  cont&iniug  titaoic  aciil,  it  is  Gsaciitial  to 
exaiuiiic  the  washed  insoluble  reBi<lue9  for  phosphoric  acid,  which,  if 
present,  is  estimated  by  the  method  given  for  titanic  pig-irons 
p.  262. 


I 


i 
I 
I 


{b)  It  ia  evaporated  to  low  bulk,  and  estimated  by  t 
rapid  process  described  for  steel  on  p-  126. 

The  pyrophoBphate  contains  63'79,  the  yellow  pre 
cipitate3-75%  of  PA>and  Pi MoO,  x  0-0161  =PiO^. 


Analj-BiB  of  Danneniora  n 

Weight  ofdiy  ore  taken  12  grammos. 
Weight  of  diah  +  ycUow  ppt.  =  33-6293 
Weight  of  <li8L  =  33-6I22 

■0173 


Aniilyaifl  of  Nortiiamptou  brown  hematitP. 

Weight  of  rnw  dry  ore  taken  1'2  grammes. 
Weight  of  crucible  +  Mff^,0^  = 

Weight  of  crueible  =  27-9006 


-  •0318  gramme  .Wff,P,0^  ] 
II  for  aohibility  +  'OOlO  ' 


■0328 
2-09%  P,0^. 


Determination  op  Arsenic  and  P.O^. 


Weigh  out  6  grammes  of  the  finely  divided  ore  into 
n  20-oz,  covered  beaker,  add  10  cc  strong  nitric  acid, 
and  to  avoid  bumping,  heat  on  a  pipo-stom  triangle. 
When  the  evolution  of  any  CO^  has  ceased  the  cover  ia 
removed,  and  the  contents  of  tho  beaker  are  quietly 
evaporftted  to  complete  dryness,  the  mass  being  heated 


OKES 

a  the  centre  of  the  hot  plate  till  any  Ditratea  formed  are 
decomposed.  The  soluble  portion  of  the  dry  mass  ia  then 
dissolved  at  the  lowest  possible  temperature  in  40  cc.  of 
HCI;  SO  cc.  of  the  clear  solution,  corresponding  to  5 
grammes  of  ore,  are  separated  in  the  usual  manner  by 
fraction  filtration.  The  liquid  ia  then  diluted,  neutral- 
ized, reduced  with  H^^SOj,  the  excess  of  SO^  boiled  off, 
the  solution  cooled  rapidly,  and  the  arsenic  precipitated 
as  sulphide  by  adding  about  O'o  gramme  of  pure  pre- 
cipitated zinc  sulphide  with  6  to  10  cc.  of  hydrochloric 
acid.  The  liberated  H.;,S  is  retained  under  slight  pres- 
sure by  closing  the  flask,  Tho  precipitate  is  then  dealt 
with  in  accordance  with  the  instructions  given  for  the 
determination  of  arsenic  in  stool. 


DeTERMINATIOH  op  StTLPKUE. 

Sulphur  ia  estimated  by  the  aqua  regia  method 
described  for  ateel  on  p.  108. 

Examination  of  the  insoluble  residue. — ^When  absolute 
accuracy  is  required  the  washed  in  soluble  residue  is  fused 
with  6  grammes  of  the  fusion  mixture  specified  on  p.  166. 
Tho  fusion  is  eztractcd  with  hot  water,  made  up  when 
cold  to  as  small  a  definite  volnme  aa  possible,  five-sixtbe 
of  the  clear  liquid  ia  filtered  off,  acidified  with  301,  and 
evaporated  to  dryness ;  the  dry  mass  ia  taken  up  in  HCI 
and  water,  tho  SiO..  ia  filtered  off,  washed,  and  the  SO^ 
ia  precipitated  by  boiling  the  filtrate  after  evaporating 
to  100  cc.  by  addition  of  BaGJ-^.  The  resulting  BaSO,  ia 
eatimated  as  usual,  and  the  percentage  of  sulphur  con- 
tained therein  ia  added  to  the  main  quantity.  This 
examination  of  the  insoluble  residue  is  more  particularly 
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necessary  in  the  case  of  orea  containing  barinm,  because 
in  such  the  residue  is  very  liable  to  contain  HaSO^,  which 
the  fusion  coverts  into  insoluble  BaO  and  Nn^SOt  soluble 
in  water.  In  the  foregoing  process  a  blank  estimation 
of  the  sulphur  in  (he  fusion  mixture  is  of  oourso  msdt 
and  the  BaSO,  obtained  deducted, 


DetB  RUINATION  OP  AlDHINA. 

(Time  occupied,  about  1  day.) 


ad&^ 

1 


Weight  taken. — Weigh  out  1  "44  gramm  es  of  ore  into  a 
20-oz.  covered  beaker. 

Dissolving  and  separating  the  SiO^.  Dissolve  in  30  cc. 
of  strong  ECl,  evaporate  to  dryness,  take  up  in  20  cc,  of 
EC},  and  obtain  60  cc.  of  clear  solution  containing  1'2 
grammes  of  ore  by  fractional  filtration. 

Bemaining  operationa. — The  yellow  liquid  is  traoa- 
ferred  without  loss  to  a  30-oz.  registered  flask,  3  cc.  of 
a  saturated  solution  of  sodium  phosphate  are  added,  the 
solution  is  diluted  to  200  cc,  neutralized  with  dilute 
ammonia,  reduced  with  H^SO^,  precipitated  with  am- 
monium acetate,  and  the  alumina  is  determined  in  exact 
accordance  with  the  instructions  given  on  p.  200  et  gaj,' 
for  the  estimation  of  aluminium  in  steel.  The  ignited 
precipitate  contains  4l'8b%  of  Al^O^.  The  foregoing 
process  gives  only  the  soluble  alumina  present  in  the 
ore:  when  great  accuracy  is  required  the  insoluble  resi- 
due must  be  analyzed  by  the  process  described  on  p.  347, 
and  any  alumina  contained  therein  be  added  to  the  muin 
T^uautity.    Xa.   ores   containing    soluble    titanic    acid   or 

^^  U^  adviwH*  Uiro-'  ■'"•  |'U<«p(]ntci,(.fnre  wcij;b- 
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chromic  oxide,  the  aluminium  phosphate  will  be  more  o 
less  contami Dated  with  these  Bubstances. 
I 

Example. 
I'lay  irouBtoiie  gave  on  anftlyaU  the  tbIloH 

Weight  taken  1*44  grammes. 
Weight  of  cniKibie  +  AlPO,  =  32'3962 
Weight  of  crucible  =  32'2816 

1146  gramme  All'O^. 


Deteruination  of  Lime  Ann  Maokesu. 
(Time  occupied,  about  1^  days.) 

Weight  taken, — Weigh  out  into  a  20-oz,  beaker  1'2 
grammes  of  tho  finely-divided  ore,  or  in  the  caae  of  a 
carbonate  2'4  grammes  should  be  employed. 

IKsBoiving. — Add  40  cc,  strong  BOl,  boil  down  on  the 
hot  plate,  add  2  cc.  strong  nitric  acid,  and  thon  evaporate 
the  contents  of  the  beaker  to  complete  dryness  with  the 
cover  off.  When  cool,  the  maae  is  re-dissolved  in  about 
30  cc.  strong  HCl,  and  the  solution  ia  quietly  evaporated 
down  to  about  10  cc. 

Fractional  jUtration. — The  solution  and  residue  are 
transferred  without  loss  to  a  60  ec.  graduated  flask,  and 
the  liquid  when  cold  is  made  up  to  the  mark,  well  mixed, 
and  50  cc,  corresponding  to  1  gramme  of  ore,  are  filtered 
ofl"  through  a  dry  paper  into  a  graduated  flask.' 

'  TLe  insoluble  residue  may  be  fuaec)  and  tested  for  lime  and 
maguuaifi,  but  as  a  rule  it  vrill  be  found  to  be  practisally  free  from 
these  oxides. 


I 


• 


FKrst  precipitation,  of  FeJ)^  and  Al^O^. — Tbe  50  cc.  of 
BolntioQ  are  transferred  to  a  20-oz.  beaker,  and  diluted 
with  warm  water  to  about  200  cc.  Next  add,  little  by 
little,  with  constant  stirring,  dilute  ammonia,  till  tho 
liquid  ia  faintly  alkaline.  The  solution  is  then  boiled,  and 
is  finally  digested  for  a  few  minutes  on  the  corner  of  the 
plate. 

First  filtration. — Tho  precipitate  is  collected  on  a  well- 
fitting,  thick  German  filter-paper,  contained  in  a  3-in, 
funnel,  the  paper  having  been  previously  well  washed 
with  hot  HGl  and  water.  The  filtrate  is  collected  in  a 
clean  20-oz.  boakor.  The  precipitation  beaker  is  well 
rinised  out,  and  the  precipitate  is  slightly  washed  with  hot 
water,  and  allowed  to  drain  well;  the  clear  filtrate  is  then 
put  on  a  hot  plate  to  concentrate  by  evaporation. 

lie-dissolving. — The  funnel  is  supported  on  a  hanger 
inside  the  beaker  in  which  the  precipitation  took  placo, 
and  the  hydrates  (and  phosphates)  of  iron  and  aluminium 
are  re-disaolved  in  modei-ately  strong  hot  HCl.  The  paper 
having  been  washed  free  from  iron  alternately  with  hot 
acid  and  cold  water,  is  put  aside  under  cover  till  required 
for  the  second  filtration. 

Second  precipitation  and  filtration. — The  yellow  solution 
is  boiled  down  in  the  covered  beaker  to  5  cc.  It  is  then 
diluted  and  precipitated  with  dilute  ammonia  exactly  as 
before.  The  precipitate  is  collected  on  the  previously 
used  paper,  and  washed  with  hot  water,  tho  filtrate  being 
received  in  a  beaker  containing  the  concentrated  first 
filtrate.  The  double  filtrate  is  then  boiled  down  in  a 
covered  beaker  to  about  150  cc. 

Separating  Ike  manganese  and  nickel. — Add  to  the 
liquid  10  cc.  of  dilate  ammonia,  and  pass  a  correntof 
washed  HjS  through  the  boiling  liquid  for  some  minul'ea, 


to  precipitate  as  sulphide  any  manganoae  and  nickel  not 
carried  down  with  the  iron  and  aluminium.  The  snlphidee 
are  allowed  to  settle,  are  filtered  off,  and  washed  with 
water  containing  a  little  ammonia  and  S.^  solution,  the 
filtrate  and  waaliings  being  collected  in  a  clean  20-oz. 
beaker.  The  latter  ia  then  covered,  and  its  contents  are 
brought  to  boiliDg.  (In  ores  contaiuing  only  small  per- 
centages of  inanganeao  the  foregoing  precipitation  may 
be  omitted,  because  when  only  a  few  tenths  per  cent,  are 
present  the  manganese  is  all  carried  down  as  hydrate 
with  the  iron  and  alumina.) 

Precipitating  the  OaO. — Next  add  to  the  boiling  fluid 
down  the  lip  of  the  beaker  10  cc.  of  a  saturated  solution 
of  ammonium  oxalate,  and  sufficient  dilute  ammonia  to 
make  the  liquid  distinctly  alkaline.  Boil  for  fifteen 
minatos,  digest  for  at  least  an  hour,  remove  the  beaker 
from  the  plate,  and  allow  the  precipitated  oxalate  of 
calcium  to  settle  thoroughly. 

Filtering  off  and  weighing  the  CaO. — The  precipitate  is 
collected  on  a  110  mm.  paper  contained  in  a  2j'-in.  plain 
fnnnel,  the  filtrate  containing  the  magnesia  being  received 
into  a  clean  20-oz.  beaker.  The  precipitate  and  paper 
must  bo  thoroughly  washed  with  hot  water;  thoy  are 
then  dried,  strongly  ignited  in  a  tared  platinum  cruciblo, 
which  when  cold  is  quickly  re-weighed,  the  residue  of 
OaO  being  very  hygroscopic' 

Estimating  the  magnesia. — To  the  filtrate  and  washings 
from  the  lime  add  50  co.  strong  nitric  acid,  and  gently 
boil  and  evaporate  the  contents  of  the  covered  beaker 

'  As  a  check  the  CaO  may  be  converted  into  CaSO^  by  adding  to 
the  crucible  1  cc.  of  dUut*  aiilphuric  acid,  evnpomting  to  dryuesa, 
gcntlj  igniting,  and  when  cold  re-weigbing.  The  precipitate  cont^ns 
41-27,,  CaO. 
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down  to  low  bnlkj  say  5  cc.    Next  add  5  cc.  of  a 
Bolation  of  ammoniniii  or  ordinary  sodium  phoaphate  andj 
2  cc,  of  HGl,  and  thon  cautionsly  dilute  ammonia  in  eli^Iiti  i 
excess.    The  yolnme  of  the  liquid  is  then  made  up  to  50  | 
cc.  with  strong  ammonia  solution;  the  liquid  is  allowed 
to  stand  for  some  hours,  being  occasionally  briskly  shaken 
round.    The  precipitate  is  collected  on  a  90  mm.  pure 
paper,  and   is  washed,  dried,  ignited,  and  weighed  as 
M<j.^P./)j  in  exact  accordance  with  the  instructions  givem. 
on  p.  138.   The  residue  contains  36-2%  MgO. 


Example, 
Suinplu  of  Diversion  reil  heaiatile. 

Weight  taken  1  "2  granimeB. 
Lime.     Weight  of. 


ible  +  CaO  =  27'3962 
Weight  of  crucible  =  a7-38M 

-0116  gruiumc  CaOiM 

"t'x  ■00=1-16°/.  C«Z 
I 

Procticiilly  abseut  =  Traoe  MgO. 


Theoretical  Consideratmis. 

The  filtrate  from  the  insoluble  residue  contains  forrio, 
alumunic,  calcic,  magnesic,  and  manganous  chlorides,  and 
if  present,  cupric  and  nickelous  chlorides;  the  whole  of 
the  phosphoric  acid  is  also  in  solution.  If  present,  there 
will  likewise  be  dissolved  in  the  liquid  a.  portion  of  the 
titanic  acid,  and  possibly  chromic  chloride,  but  only  traces 
of  arsenic  acid,  most  of  the  latter  hav'""  been  volatiiiaed 
as  chloride.    Tho  solution  is  eva"  low  b 
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I  BiToid  the  presence  in  the  filtrate  of  an  tinwieldy  excess 

\  of  AmCl  in  the  final  evaporation  to  low  bulk  to  deter- 
mine the  magnesia.    On  precipitation  with  ammonia  the 

j  hydrates  of  ferric  iron  and  aluminium  carry  down  with 
them  the  whole  of  the  P^O^,  TiO^,  and  Gr,p^  which  may 
happen  to  be  in  solution.  Also,  the  hydrates  of  nickel, 
manganese,  and  copper  may  be  wholly  or  partially  carried 
down.  Unfortunately  small  portions  of  the  lime  and 
magnesia  are  also  precipitated,  hence  the  necessity  for  a 
second  separation.  The  AmCI  in  the  filtrate  containing 
the  lime  and  magnesia  retains  the  latter  in  solution  aa  a 
soluble  double  chloride  AmMgCh,  whilst  on  the  addition 
of  ammonium  oxalate  the  calcium  is  precipitated  thus — 
Am.^C/)^  +  CaCl.  =  CaC./),  +  2  AmCl.  Ammonium  oxalate 
and  calcic  chlorido  yield  white  insoluble  calcium  oxalate 
and  ammonium  chloride.  On  strongly  igniting  the 
oxalate  of  lime  decomposes  thus— CaC.O^  =  CaO  +  C0„  + 
CO.  Calcium  oxalate  yields  caustic  lime,  carbonic  oxide, 
and  carbonic  acid  gases.  The  lime  readily  absorbs  moisture 
to  form  a  hydrate,  thus— CaO +  SjO=  Ca(SO)i.  On 
evaporating  the  filtrate  from  the  limo  with  strong  nitric 
acid,  the  somewhat  large  amount  of  AmCl  necessarily 
present  for  ensuring  the  separation  of  the  limo  and 
magnesia  is  decomposed  into  ammonium  nitrate,  and  the 
latter  as  the  evaporation  proceeds  is  volatilized  as  water 
and  laughing  gas  N^O.  The  operation  of  precipitating 
the  magnesia  with  phosphoric  acid  is  the  converse  of  that 
theoretically  considered  on  p.  139.  It  is  necessary  to 
separate  manganese  and  nickel,  otherwise  both  the  lime 
and  magnesia  precipitated  are  respectively  liable  to  be 
contaminated  with  the  oxides  or  phosphates  of  these 
metals.    The  introduction  of  bromine  into  the  foregoing 

-.  analysis  is  dangerous,  because  on  evaporating  down  the 
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filtrate  from  the  lime  with  nitric  acid  the  i 
bromide  ia  decomposed  into  a  mixture  of  bromine  and 
hydrobromio  acid,  which  attacks  the  glass  of  the  beaker, 
throwing  silica  and  the  bases  in  the  glass  into  solution, 
and  consequently  making  the  reanlt  of  the  MgO  estimation 
seriously  high. 

If  bromine  could  be  safely  employed  the  precipitation 
of  the  whole  of  the  manganese  with  the  iron  could  ho 
readily  ensored,  rendering  the  sulphide  precipitation 
unnecessary. 


DETBaMlNATION  OF   GO^. 

(Time  occupied,  about  2  hours.) 


Weight  taken. — In  the  case  of  oxides,  5  grammes  should 
be  employed  for  the  estimation.  When  a  raw  carbonate 
is  under  osamination  0"5  gramme  of  tho  finely-divided 
ore  is  weighed  out  into  a  dry  8-oa,  wide-mouthed  flask. 

Remaining  operalionfi. — The  fiaak  is  attached  to  tho 
apparatus  sketched  in  Fig.  7,  in  the  manner  described 
in  the  process  for  the  estimation  of  carbon  in  steel  by 
moist  combustion.  A  current  of  air  Laving  been  aspir- 
ated through  the  apparatus,  the  weighed  absorption 
tubes  are  attached,  and,  whilst  continuously  maintaining 
a  gentle  flow  of  air,  50  cc.  of  dilute  sulphuric  acid,  1  in  3, 
are  gradually  admitted  from  tho  stoppered  funnel.  For  a 
few  minutes  tho  action  should  be  continued  in  the  cold, 
but  afterwards  a  gentle  heat  is  applied  to  tho  sand-bath 
till  no  further  evolution  of  CO.,  takes  place.  Every  trace 
of  CO.^  is  then  swept  forward  to  the  absorption  tubes  by; 
the  aspiration  of  at  least  a  litre  of  air.  '^aso 


I 
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weight  in  the  potash  bulbs  antl  chloride  of  calcium  tnbe 
ia  then  determined  in  the  manner  described  for  the  esti- 
mation of  carbon  in  steel  by  combustionj  described  on 
p.  37. 

Precaution. — It  ia  absolutely  essential  to  avoid  any 
back  pressure  from  the  flask  into  the  purifying  tube  con- 
taining the  potash  pumice. 

Eaample. 
Analysis  of  uncalcined  Derby  ore  (Staveley). 
Weight  token  O'S  gramme- 
Weight  of  ttbflorption  tubea  before  evolution, 
KHO  =  326934 
CaCL  =  B8-l754 


Weight  '<{  abaorption  tubes  after  evolution. 
KflO  =  32-8202 
C«CT„  =  S8-2002 


•ISIGeramine  CO, 
■ISlGxlOO 

<T  briefly,  15-16  x  2  =  30-327o  CO^  as  before. 


Determination  of  Combined  Watbr  and  Oeoanic 
Caebon. 

These  are  determined  by  strongly  combusting  in  oxy- 
gen 1  gramme  of  the  very  finely-divided  ore  contained 
a,  porcelain  boat,  placed  in  a  combustion  tube  contain- 


F 

^V        ing  fb 
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ing  the  usual  column  of  recently-ignited  CuO  scales  i 
the  apparatus  sketched  in   Fig.  7.    The  potash  pumice 
tube  13,  however,  replaced  by  a  bulb  contaioing  strong 
sulphuric  acid,  and  between  the  combustion  tube  and  the 
chromic  acid  bulb  is  also  placed  a  weighed  bulb  contaia- 
ing  strong  HJSOf'    The  first-named  bulb  serves  to  dry] 
the  oxygen;  the  second,  to  absorb  the  wator  formed.] 
The  apparatus  having  been  connected  up,  a  current  < 
air  is  aspirated  through  to  remove  any  condensed  moia 
tnre  in  the  tube,      The  three  absorption  tubes  are  thai 
oarefolly  weighed  with  the  usual  precautions,  replacedj 
and  the  combustion  is  made  exactly  as  described  on  ] 
29  et  seq.,  for  the  estimation  of  carbon  in  steel.    Tfaq 
final  aspiration  must,  however,  be  continued  until  evM 
trace  of  moisture  has   been  carried  forward   into    th«^ 
H^SO^  bulb.    Tbe  increase  in  tho  sulphuric  acid  bulb  r&-V 
presents  the  total  combined  water,  which  is  due  not  onljj 
to  inorganic  hydrate,  but  also  to  that  existing  in  a 
organic  matter  present  in  the  ore,'   The  organic  water  i 
pure  hematites  and  magnetites  is  very  smtijl.     In  blacfc 
band  ores  the  water  obtained  will  be  largely  of  organiq 
origin.   The  increase  in  tho  potash  and  chloride  of  calcioi 
tubes  represents  tho  inorganic  C0„   (driven  off  by  hei 
from  its  combination  with  the  oxides  in  the  ore),aup 
mented  by  the  carbon  of  the  organic  matter  {burnt  hfm 
the  oxygen).    The  weight  of  CO.^  obtained  by  evolution 
in  the  manner  described  in  the  last  article  is  deducted 
from  the  total  weight,  and  the  remainder  multiplied  by 
27'27  gives  the  weight  of  organic  carbon. 


'  Tlie  limb  of  tbis  biilb  must  be  inserli:!]  din 
rubber  bung  of  the  combustion  tube. 
'  See  footnote  to  "  orgonic-  curbon." 


n  tbe  inilia- 


Example. 

Analjsia  of  a  sample  of  Northampton«hirc  brown  hematite. 

Weight  tftketi  1  gramme. 
Increase  in  fl'„A'0,,b(ilbO-1167  =  H-67''/oor  total  combined  WjO. 
Increase  in" X//0  wid  CaCVg  bulbs  =  06264  1 
Less  weight  of  CO^  obtained  by  eTolutioii  =  0'595e  (  E''*'""'*- 

■0308  orgnnie  CO^. 
■O308  X 27-27  =  0'84<'/o  organic  carbon.' 


Determination  of  Coffer, 

DiBaolvB  12  grammes  of  the  ore  in  a  mixture  of  30  cc. 
of  aqun  rogiaand  30  cc,  strong  HCl,  ovaporato  to  dryness, 
tako  up  in  about  50  cc.  of  HCl,  evaporate  to  10  cc.  and 
oLtain  100  cc.  of  clear  solution,  corresponding  to  10 
grammes  of  ore,  by  fractional  filtration.  The  liquid  is 
transferred  to  a  30-oz.  registered  flask,  neutralized  with 
ammonia,  reduced  with  salphnroua  acid,  and  the  copper 
is  precipitated  in  a  volume  of  300  cc.  by  means  of  sodium 
thiosnlphate.  The  precipitate  is  filtered  off,  and  tho 
copper  determined  exactly  in  tho  manner  described  on 
p.  213  el  aeq. 


DeTE  EMI  NATION  OF  NiCKEL. 

Obtain  10  grammes  of  the  ore  in  100  cc.  clear  HCl 
solution  in  the  manner  just  described  for  copper.    The 

'  The  percentage  of  organic  carbon  multiplied  by  60  and  divided 
by  40  gives  the  approximate  percentage  of  organic  matter,  tlie  dif- 
ference between  die  "carbon"  and  "matter"  being  organic  water, 
which  may  be  deducted  from  the  total  water  to  obt4kin  the  water  of 
hydration  in  Che  ore. 
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liquid  ia  transferred  to  a  30-oz,  registered  fiask,  and  the 
nickel  separated  from  the  iron  by  the  method  described 
under  Bteelj  the  nickel  being  determined  cyanometricallj 


Detei 


OP  CrjOg. 

Some  ores  of  iron,  such  as  those  from  the  Taamanian 
mines,  contain  about  3^  of  Cr./)^.  The  latter  may  be 
estimated  as  phosphate  by  the  process  described  for 
steels  containing  alnmininm  on  p,  178.  The  precipitat^i 
contains  60-95%  of  Cr/)^. 


Drtkbmination  of  TiTASic  Acid, 


I 

lan 
be 
for 


Six  grammes  of  the  ore  arc  dissolved  in  a  20-oz.  beaker 
in  about  60  cc.  HCl,  10  cc.  of  a  10%  solution  of  ammo- 
nium phosphate  are  added,  the  liquid  is  evaporated  to 
complete  dryness,  and  strongly  heated  in  the  centre  of 
the  plate.  The  dry  mass  ia  taken  up  in  HCl,  the  insolu- 
ble residue  filtered  off,  washed,  dried  and  ignited.  The 
residue  is  fused  with  10  times  its  weight  of  sodium  car- 
bonate, and  the  mass  thoroughly  disintegrated  by  boiling 
out  with  water.  Before  filtering  evaporate  to  a  small  bulk. 
Collect  the  sodium  titanate  on  a  small  pulp  filter  and 
ignite,  after  washing,  at  a  low  red  heat.  Dissolve  in  the 
least  possible  quantity  of  hydrochloric  acid,  dilate 
sHghtly,  add  dilute  ammonia  until  nearly  neutral,  then 
6  grammes  of  sodium  thiosulphato  and  lastly  20  co, 
of  acetic  acid.  Boil  for  20  minutes,  filter,  wash,  ignitjB 
strongly  and  weigh  as  TiO^  containing  60%  of  titanium,  d 


Deteeminatioh  op  the  Alkalies. 


Potaah,  Kfi,  and  eoda,  Na^O,  when  preBent  in  ores  of 
iron,  seem  to  be  almost  entirely  fonnd  in  the  residue  in- 
soluble in  BCl,  probably  in  the  form  of  the  insoluble 
silicates  ortboclase  (K,AL8i^0,^)  and  albite  {Na-^Al^ 
Sidpi^] .  The  residue  is  therefore  examined  for  alkalies 
by  the  method  described  for  their  estimation  in  fire-clay 
(p.  374). 


Abaltsis  op  thb  Insoluble  Rebisue. 

One  gramme  of  the  ignited  residue  is  thoroughly  fused 
with  10  grammes  of  a  mixture  of  KfiO^  and  Na^CO^ ;  the 
fusion  is  extracted,  and  the  SiO^,  Al^O^,  CuO,  MgO,  and 
FcO  present  are  estimated  as  described  for  fire-clay  on 
pp.  371-4.  The  last-named  oxide  when  present,  as  is  usual, 
in  minute  quantity,  is  estimated  colorimetrically. 


ANALYSIS  OF  MANGANKSE  ORES. 

Determinatwn  of  CaO  and  M<jO. — As  a  rule,  the 
methods  given  for  the  estimation  of  the  various  constitu- 
ents of  iron  ores  are  also  available  for  manganese  ores. 
In  determining  lime  and  magnesia,  however,  it  is  advis- 
able to  originally  weigh  out  1'44  grammes,  and  after  pre- 
cipitating the  MnS  in  the  manner  described  on  p.  338, 
to  make  up  the  solution  and  precipitate  to  301  cc,  filter 
off  250  cc.  of  clear  liquid,  corresponding  to  1  gramme  of 

3,  and  BO  avoid  the  troublesome  washing  of  the  some- 
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what  bulky  precipitito.  The  lime  and  magnesia  are  then 
determmed  in  the  fractional  filtrato  hj  the  proceases. 
given  for  iron  oroa. 


DKTBBMIMATIOtl  Of  TOTAL  MaNOANBSE. 


Oravimetric  method. — The  raanganeae  may   be    eaf 
mated  by  the  gravimetric  acetate  proceBS,  but  the  resi 
ore  liable  to  be  high,  owing  to  the  &nal  precipitate 
ifn-jO,  containing  oxide  of  zinc  or  sulphate  of  banam,' 
which  arc  not  infrequent  consdtuenta  of  manganiferona 


Volumetric  Process. 
(Time  occupied,  abont  2  houra.) 

Weight  taken. — Weight  out  into  a  20-oz.  covered 
beakor  from  "25  to  0'3  gramme  of  the  finely-pulverized 
ore,  dried  at  100°  C.  In  the  caae  of  rich  ores,  in  which 
the  weight  firat  named  ia  employed,  0'5  gramme  of 
Swedish  bar-iron  is  also  weighed  out. 

liemaining  operations.— -These  are  carried  out  reapect- 
ively  by  the  proceasoa  deacribed  for  the  assay  of  ferro- 
manganose  on  p.  269  and  apiegel  on  p.  267  by  Pattinaon's 
method.  The  biamuthato  procosa  can  be  applied  ofter 
evaporating  with  strong  sulphuric  acid  to  remove  the 
hydrochloric,  and  then  diluting  freely  with  nitric  acid- 
1-20. 


Dbtekmination  op  MnO^  (Bdkskn)   {ano  MnO  iiy 
difpeeehce). 


(Time  occupied,  about  1  hour.) 


Standard  solution  of  gadium  thiosidphatu,  — Prepared 
by  dissolving  27'091  grammes  of  hypo  in  a  lita-e  of  water 
in  the  manaer  described  on  p.  211, 

10%  aolniion  o/ff'/.^Dissolving  10  grammes  of  pure 
potasaio  iodide  erystalfl  in  100  cc,  of  water. 


The  Process. 

Weighi  taken. — Weigh  out  into  a  clean,  dry  G-oz.  flask 
exactly  0*25  gramme  of  the  finely -pulverized  dry  ore. 

Apparatus  reqxtired. — The  flask  is  then  fitted  with  an 
india-rubber  stopper '  carrying  a  stopper  funnel  and  exit 
bend,  and  is  attached  to  the  absorption  cylinder  sketched 
in  Pig.  12,*  The  cylinder  is  charged  with  70  cc.  of  the 
10%  solution  of  pure  potassic  iodide  in  distilled  water, 
and  is  attached  to  an  aspirator. 

Dissolving. — Add  from  the  stoppered  funnel  20  cc.  of 
strong  HCl  {proved  to  be  devoid  of  free  chlorine) .  Place 
the  flaak  un  the  edge  of  the  hot  plate,  and  gently  heat  till 

'  Thia  muat  be  freed  from  surface  by  weL  boiling  with  dilute  sodic 
hydrate  Bolution,  and  afterwarda  iii  seTcral  changes  of  water. 

'  The  exit  tube  Irom  the  flask  should  touch  Uie  inlet  tube  to  the 
cylinder,  the  two  being  joined  with  a  ebort  piece  of  sound  india- 
rubber  tubing  BO  aa  to  avoid  any  absorption  of  CI  by  the  material 
lust  nonicd. 
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Theoretical  Considei-ations.' 


The  manganeHo  dioxide  in  the  ore  evolves  free  chlorine 
from  the  HCl,  thus — 

MnO.  +  A  SOI  =  2  CI  +  MnOk  +  2  E^O 

Seventy-one  parts  by  weight  of  chlorine  correspond  to 
55  parts  of  metallic  manganese  existing  as  peroxide.  The 
evolved  chlorine  liberates  iodine  from  the  solution  of 
potaBsic  iodide  (the  iodine  remaining  dissolved  in  the 
oxcoBs  of  the  latter  present),  thus — 

2XJ+20;  =  2i:cZ-l-2f 
Therefore,  254  parts  by  weight  of  iodine  are  equivalent 
to  55  parts  of  manganese  existing  as  dioxide.'  The 
resnlta  obtained  are  liable  to  be  low  in  the  presence  of 
organic  matter  and  of  ferrous  oxide  (see  p.  319),  owing 
to  the  convereion  of  some  of  the  liberated  chlorine  into 
SOI  by  the  action  of  such  readily  oxidized  substances. 


Determination  qv  MnO^,  by  Pattinson's  Method. 
■  (Time  occupied,  about  1  hour.) 

Cut  o£f  by  means  of  a  small,  sharp  saw-file  a  half-inch 
test  tube  1  in.  from  the  bottom,  and  carefully  fuse  the 
cut  edge  in  the  blow-pipe  flame. 

Weight  tahffn. — "Weigh  out  into  the  short  test  tube 
0'25  gramme  of  the  dry  ore  previously  reduced  to  an 
impalpable  flour  in  the  agate  mortar;  also  weigh   out 
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'  See  theoretical  a 


a  p.  -il9. 
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consists    easaiitFially    of  a    mixture    of    Or^O^,    MgO, 
^^P^O,,  FeO,^  together  with  smaller  percentages  of  OcM 

Kid  aio.. 

^B  Determination  of  Ci\Os. 

^^K  Chromic    oxide   is   easily    determined    by   fusing    1 
^^^amme  of  the  ore  with  6  grammes  of  sodium  peroxide. 
^^The   subsequent    treatment    is    exactly    that   described 
^^nder  the  determination  of  chromium  in  ferro-chrome. 
^The  bichromate  used  in  the  latter  case  is  too  strong, 
^however,  and  a  decinormal  solution  is  much  more  auit- 
^able.    This  is  prepared  by  dissolving  -i'QOS  grammes  of 
^  the  crystals  in  water,  and  making  up  to  1000  cc,  when 
exactly   50  cc.    should    be   required    to   titrate    0'2806 
grammes  of  Swedish  bar  iron  dissolTed  ia  dilate  sul- 
phuric acid, 

1  cc.  decinormal  bichromate  represents  0-00254 
gramme  CrMy 

Determination  of  SiO^. 

Fuse  1  gramme  of  the  ore  with  sodium  peroxide  aa 
aljove,  and  extract  the  cooled  malt  with  water.  Kemove 
the  nickel  crucible,  and  transfer  the  liquid  from  the 
beaker  to  a  large  porcelain  dish.  Acidify  with  sufficient 
hydrochloric  acid  to  effect  complete*  solution,  and  evap- 
orate to  complete  dryness,  baking  only  slightly.  Re- 
dissolve  in  acid,  dilute  and  filter  off  the  silica.  After 
ignition  the  residue  may  be  purified,  as  already  described, 

'  In  reporting  the  ana1}'B[s  tlie  iron  is  uxubU,v  rulvulnteil  to  PiO, 
but  occasionally  not-able  qunacitiea  of  the  iron  present  nuf  exiM  in 
Iho  fonu  of  FnaOg. 
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by  fusion  with  acid  potaBsium  sulphate,  or  the  amoant 
pare  ailica  dotermined  by  treatment  with  hydrofluoi 
acid. 


Detei-mmatio?i  of  MgO,  ALO^,  and  FeO. 

Puae  1  gramme  of  the  ore  with  aodiam  peroxide,  an3 
extract  with  water  aa  before.  Boil  well  and  allow  to 
settle.  Decant  the  yellow  supernatant  liquid  through  an 
aabeatos  filter  and  wash  the  iuaolable  oxides  repeatedly 
with  water  by  decantation,  passing  the  washings  through 
the  samo  filter. 

Thv  residue. — This  contains  all  the  iron,  and  prac- 
tically all  the  magnesia,  along  with  oxide  of  nickel 
from  the  crucible.  Boil  the  asbestos  filter  with  hydro- 
chloric acid,  and  pour  the  acid  liquid  through  a  small 
pulp  filter,  80  as  to  remove  the  asbestos  fibres,  the  fil- 
trate being  caught  in  the  beaker  containing  the  main 
reeidue.  More  acid  is  added,  if  neoesaary,  to  effect 
complatakBolution,  and  the  iron  is  separated  from  the 
magj^^^^me  and  nickel)  by  two  precipitations  with 
Kor  ^^ferric  oxide  ia  re-diasolved,  the  solution 

y  ^^duced,  and  the  iron  determined  by 

/  -sium    bichromate.     The    lime  and 

^  in  the  customary  manner  in  the 
"  Jrhe   nickel.    If  the  ignited 
Niy  trace  of  this  element, 
u.ad  re-precipitated. 
^  ^ellow     filtrate     containing     the 

,u_        '^.t-'*^  -^>  silica,  and  perhaps  also  a  trace  of 

mvely  ■■     °^,,  *o»-''ated  to  boiling,  and  a  current  of  carbon 
open-hearvijaed  through   ''      '^-'    --*-^—  '  ^ 
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)u  iiu  uuuiugi  anu  a  currenb  ui  uaruoai^H 
)ugh   the  hot  solution  for  on  hoar^^l 


The  precipitated  basic  carbonate  of  alumioium  ib  filtered 
off,  waabed  well,  re-disaotved  in  hydrochloric  acid,  and 
the  aluminium  determined  as  pboaphate. 

Weight  of  AlPO,  X  0-418  =  Al^O^. 


Analysis  op  Wolpeah, 

Tbia  mineral  consists  esaentially  of  ferrous  tungstate, 
oontaining  an  appreciable  percentage  of  MnO,  and  in 
smaller  quantities,  silica;  occasionally  about  1%  of  lime 
is  also  present.  It  is  seldom  necessary  to  do  more  than 
estimate  the  WO^,  as  the  percentage  of  this  constituent 
determines  the  value  of  the  mineral  for  the  production 
of  ferro-tungsten  and  tungsten  metal. 


Assay  for  WO3. 
(Time  occupied,  about  |  day.) 

Weight  taken,  anil  fution. — Weigh  out  into  a  covered 
3-in.  platinum  dish  0'6  gramme  of  the  floured  mineral, 
and  fuse  it  over  the  gas  blow-pipe  for  five  minutes  with 
a  mixture  of  3  grammes  each  of  pure  anhydrous  sodio 
and  potasaio  carbonates.  FotaasU  nitrate  must  not  be 
employed. 

Extracting  the  fusion. — Place  the  dish  and  cover  when 
cool  in  a  20-ob.  beaker  containing  200  cc.  of  nearly  boiling 
water.  When  all  soluble  matter  has  been  taken  up  the 
cover  and  dish  are  washed  and  removed. 

Fractional  fltralion. — Transfer  the  liquid  and  residue 
without  lose  to  a  300  cc.  flask,  make  up  to  the  mark,  mis 
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well,  note  the  temperature,  and  filter  off  through  a  dry 
doable  paper  250  cc.  corresponding  to  0"5  gramme  of 
ore,' 

Predpitating  the  WO^. — Transfer  the  solution  without 
loss  to  a  20-oz.  beaker,  and  neutralize  the  liquid  with 
dilute  nitric  acid,  free  from  nitrous  acid.  The  acid  is 
added  little  by  little  down  the  lip  of  the  beaker  till  the 
last  addition  produces  no  further  evolution  of  CO-^,  show- 
ing the  escesB  of  alkaline  carbonates  to  be  completely 
decomposed  and  the  nitric  acid  slightly  in  excess.  The 
liquid  must  next  be  made  neutral  or  fainily  alkaline  by 
the  very  cautious  addition  of  a  moderately  strong  solution 
of  sodic  carbonate.  The  exact  point  is  carefully  de- 
termined ■  by  placing  on  a  white  tile  some  small  drops  of 
a  fairly  strong  aqueous  solution  of  methyl  orange  indi- 
cator. As  long  as  the  liquid  ia  acid  the  orange  tint  of 
the  indicator  is  changed  to  a  much  richer,  almost  purple 
colour,  when  a  small  drop  of  the  solution  from  the  beaker 
is  mixed  with  it,  but  the  reaction  ia  not  ailected  by 
carbonic  acid,  so  that  when  the  free  nitric  acid  has  all 
been  neutralized  by  the  sodium  carbonate,  a  drop  of  the 
liquid  no  longer  changes  the  colour  of  the  orange  spots. 
The  tungstic  acid  is  next  precipitated  by  bringing  the 
solution  almost  to  boiling,  and  adding,  drop  by  drop, 
with  constant  and  vigorous  stirring  with  the  glass  rod, 
3  cc,  of  a  saturated  solution  of  mercurous  nitrate  crystals 
in  hot  water.  The  tungsten  is  totally  precipitated  as 
mercurous  tungstate  Hg.lWO^  mixed  with  basic  mercurous 
nitrate:  the  rod  is  well  washed,  and  the  contents  of  the 
covered   beaker  are  boiled  for  a  few  minutes,  and  are 

'  At  this  stage  alumiiiB,  if  present,  may  bo  separated  by  tie  pro- 
cess deambed  ou  p.  178, 

'  See  note  after  Theoretical  Comiilrratmm,  p.  ^58. 


then  allowed  to  digest  on  the  comer  of  tte  plate  till  the 
precipitate  has  flocked  out  and  the  liquid  is  clear. 

Filtering. — The  somewhnt  bulky  precipitate  ia  collected 
on  a  125  ram.  pure  paper  contained  in  a  3-in  funnel.  Tho 
precipitate  is  very  thoroughly  washed  with  nearly  boiling 
water,  but  it  must  not  be  too  vigorously  disturbed,  or 
some  may  pass  through  into  the  filtrate. 

First  ignition. — The  precipitate  ia  dried,  ignited,  and 
weighed  when  cold  in  a  tared  platinum  dish.  The  ig- 
nition should  at  first  be  gentle,  so  as  not  to  volatilize  the 
mercury  salts  too  violently,  and  so  cause  a  mechanical 
loss  of  WO^.    The  residue  obtained  ia  (x  WO^  +  y  8i0^. 

Removal  nf  SiO^  vdth  EF  and  final  ignition. — The 
residue  is  treated  with  about  2  cc.  of  pure  aqueous 
hydrofluoric  acid,  and  the  latter  is  evaporated  off  in  the 
draught  cupboard.  When  the  mass  ia  dry  tho  dish  is 
again  ignited,  cooled  and  weighed ;  the  increase  over  the 
original  weight  of  the  diah  is  WO^,  containing  79'3/^  of 
tungsten  metal. 

Example, 
Weiglit  of  wolfrnm  taken,  0-6  gramme. 
Weiglit  of  dull  +  TFOj  =  43-6920 
Weight  of  dish  =43-3116 


Theoretical  Co7isi(lerations. 

The    fusion   with    alkaline    carbonates   converts    tho 
tnngstic  and  silicic  acids  into  soluble  alkaline  tungstati 


I 

erta    tho  ^m 


Analysis  op  Scheelite. 

Scheelito  ia  essentially  n  tangatate  of  calcium  with 
impuritiea  in  the  form  of  silica  (variable)  and  small 
quantities  of  iron  and  molybdenum.  Theateel  chemist  is 
occasionally  called  upon  to  make  a  determination  of  the 
tungsten  in  the  mineral. 

This  can  be  done  by  opening  out  with  the  mixed  car- 
bonates of  sodium  andpotaa8ium,orwith  sodium  carbonate 
containing  a  small  quantity  of  peroxide.  The  Bubaequent 
treatment  does  not  differ  from  the  method  described 
nnder  the  analysis  of  wolfram. 

Schoolite  mn  also  be  opened  out  easily  by  prolonged 
digestion  with  a  large  excess  of  strong  hydrochloric 
acid.  The  finely  ground  ore  is  mixed  with  80  co.  of 
strong  hydrochloric  acid  for  each  gramme  taken,  and 
the  mLxturo  warmed  but  not  boiled.  By  shaking  or 
stirring  at  freqaent  intervals  the  mineral  is  decomposed, 
leaving  only  a  siliceous  residue.  Tbe  liquid  is  then 
evaporated  to  a  paste,  and  the  latter  treated  with  a 
mixture  of  ono  part  of  strong  hydrochloric  acid  with  four 
parts  of  water.  The  tungstic  oxide  and  silica  are  filtered 
off,  and  the  filtrate  assayed  for  iron  and  calcium  by  the 
customary  methods. 


The  Asalysis  of  Tantalitb. 

intalite  is  essentially  a  tantalate  of  iron  (ferrous) , 
bl>Tit  it  almost  invariably  contains  more  or  loss  niobate  of 
Ktiie  same  base,  together  with  oxides  of  manganese,  tin, 
1  tungsten.    The  mineral  is  with  difiiculty  opened  out. 
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all  the  ordinary  acids  and  mixtures  of  them  being  wH^^H 

out  appreciable  effect.  Sodium  peroxide  decomposea  Ji 
at  a  rod  heat,  but  in  so  doing  does  not  provide  a  meU 
suitable  to  the  application  of  the  somewhat  tedioua  method 
usually  adopted  for  the  determination  of  the  most  im- 
portant eonstituent.  Acid  potassium  sulphate  is  the  re- 
agent generally  used  for  opening  out  tantalite,  oolumbite, 
ferguaonite,  etc.,  but  the  authors  have  found  it  prac- 
tically impossible  to  effect  complete  decomposition  by  the 
use  of  three  times  the  weight  of  ore  taken,  the  amount 
usually  specified. 

Opening  out  the  mineral. — One  gramme  of  tantalitfl 
reduced  by  assiduous  grinding  in  the  agate  mortar  to  ■ 
impalpable  powder,  is  mised  in  a  capacious  platinnm 
crucible  provided  with  a  lid  with  from  eight  to  ten  times 
its  weight  of  pure  finely  powdered  acid  potassium  sul- 
phate, by  means  of  a  glass  rod.  After  brushing  adhering 
particles  of  the  mixture  from  the  end  of  the  rod  into  the 
oracible,  the  latter  is  heated  over  the  buusen  ffame.  The 
temperature  is  cautiously  raised  until  there  is  no  longer 
any  vigorous  frothing,  and  then  the  crucible  is  placed 
over  the  blow-pipe  flame,  and  the  highest  possible  tem- 
perature maintained  for  about  twenty  minutes,  until,  on 
cautiously  removing  the  lid,  the  red  hot  molten  mass 
appears  to  be  thoroughly  homogeneous,  and  entirely 
devoid  of  tiny  dark  floating  particles  of  undecomposed 
material. 

Exlraeling  the  melt.— -After  cooling,  the  crucible  and 
lid  are  placed  in  a  beaker,  and  water  more  than  sutflcient 
to  cover  them  is  added.  The  beaker  is  placed  on  the  hot 
plate,  and  the  obstinately  adhering  mass  detached  from 
the  crucible  by  frequent  application  of  a  glass  rod. 
When  this  somewhat  tedious  operation  has  come  to  a 
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euccessful  isaue,  the  crucible  and  lid  are  carefnily  lifted 
out,  cleansed  by  means  of  the  policeman  and  copious 
application  of  wash-water,  and  the  contents  of  the  beaker 
boiled  for  a  few  minutes.  The  boiling  is  attended  with 
bumping. 

Filtration. — Remove  from  the  plate  and  allow  to  settle; 
hold  the  beaker  well  a))Ove  the  head,  and  inspect  care- 
fully the  creamy  white  heavy  residue  at  the  bottom.  If 
dark-coloured  particles  or  streaks  (unfused  tantalite}  are 
diacernible,  the  fusion  has  not  eflectod  complete  decom- 
position, and  the  assay  must  be  rejected.  If  all  is  well, 
decant  the  supernatant  liquid  through  a  hardened  filter 
paper  and  wash  the  residue  several  timea,  by  decanta- 
tion,  with  hot  water,  pouring  the  washings  through  the 
same  paper,  but  retaining  the  bulk  of  the  insoluble  residue 
in  the  beaker. 

The  filtrate  (A),  which  ia  set  aaide,  contains  moat  of 
the  iron,  manganese,  etc.,  and  may  be  opalescent  on 
account  of  the  presence  of  small  (juantitiea  of  hydrated 
Ta^O,,,  which  have  passed  through  the  pores  of  the 
hardened  filter  paper.  The  residue  contains  tantalum 
(and  niobium)  as  hydrated  oxides,  with  silica,  tungstic, 
and  stannic  oxidea,  and  small  amonnts  of  iron  and  e 
ganeso  sulphates  not  extracted  by  the  water. 

The  residve. — The  filter  paper  ia  opened  out,  and  all 
adhering  particles  washed  into  the  beaker  containing  the 
bulk  of  the  residue  by  means  of  a  fine  stream  of  water. 
The  paper  ia  then  placed  in  a  emsU  beaker  with  10  to 
15  cc.  of  yellow  ammonium  sulphide,  and  after  digestion 
short  of  boiling  for  a  few  rainutea,  the  ammonium  sul- 
phide extract  is  poured  into  the  beaker  containing  the 
main  residue,  and  the  filter  paper  waahed.  A  black  atain 
on  the  paper  indicates  the  presence  of  a  trace  of  iron. 
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now  existing  ds  sulphide,  and  the  originally  creamy  w\ 
residue  of  tftntalic  (and  niobic)  oxides  will  also  be  black- 
ened by  the  fonnation  of  the  same  compound.  The  dila- 
tion with  ammonium  sulphide  is  continued  for  five  or  ten 
minutes  in  order  to  diasolve  out  completely  the  oxides  of 
tin  and  tungsten.  The  liquid  ia  again  filtered,  this  time 
through  pulp,  the  residue  washed  with  water  containing 
ammonium  sulphide,  and  the  filtrate  (B)  sot  aaide. 

The  new  reaidue. — The  whole  filter,  with  its   preoi] 
tate,  is  transferred  to  a  beaker,  and  heated  with  20 
of  concentrated  hydrochloric   acid  antil  the  residn© 
perfectly  white ;  an  equal  bulk  of  water  is  then  added 
and   the  liquid  filtered.     The  filtrate   is  added  to   tho 
original  one  (A)  and  the  reaidue,  after  thorough 
ing  with  hot  water,  dried,  strongly  ignit«d  along 
the  small  amount  recovered  from  filtrate  (A)  q. 
weighed.    The  amount  of  silica  in  the  ignited  residne 
then  determined    by    tho   usual  treatment   with  hyi" 
fluoric  acid,  and  deducted.    The  remainder  is  a  mix' 
of  pure  TchOf,  and  Nh.,0_-,,  and  is  reported  as  such. 

PiUrate  (B).— This  contains  tho  tin  and  tungst 
and  may  bo  conveniently  dealt  with,  whilst  tho 
bulky  filtrate  (A)  is  allowed  to  concentrate  on  the  plate, 
as  follows.  Hydrochloric  acid  is  added  to  strong  acidity, 
and  tho  mixture,  with  its  precipitated  sulphui-,  and 
SnSi,  boiled  down  rapidly  to  about  5  cc,  about  20  cc,  of 
water  are  added,  the  mixture  boiled  and  allowed  to  settle. 
The  sniphur  and  tungatic  oxide  are  filtered  ofi",  washed 
with  water  slightly  acidulated  with  hydrochloric  acid, 
dried  and  ignited  thoroughly  to  bum  off  the  sulphur. 
Tho  irOj  is  weighed  and  reported  as  such. 

Tho  filtrate  from  the  tungsten  contains  the  tin 
stannic  condition;  it  is  heated  to  boiling  point,  aai 


* 


I 


ORES  ans 

Btream  of  washed  sulpharetted  hydrogen  gas  passed 
through  to  saturation.  After  digestion  for  &  few  minntea, 
the  stannic  sulphide  is  filtered  off,  washed  with  water 
containing  sulphuretted  hydrogen  and  a  smalt  quantity 
of  ammonium  nitrate,  dried  and  ignited  strongly  in  the 
muffle.  After  ignition  the  residue  is  moiatened  with  a 
few  drops  of  strong  nitric  acid,  the  excess  of  thie  care- 
fully removed  on  the  plate,  and  the  dry  residue  again 
strongly  ignited,  cooled,  weighed,  and  reported  as  stannic 
oxide,  SnOg. 

Filtrate  (A).-^Thia  contains  the  iron  (by  this  time 
nearly  all  converted  into  the  ferric  state),  manganese, 
and  perhaps  traces  of  calcium  and  magnesium,  together 
with  free  hydrochloric  and  sulphuric  acids,  the  latter  re- 
HuUing  from  the  decomposition  of  the  potassium  bisul- 
phate  used  in  opening  out  the  mineral. 

The  small  amount  of  tantalic  oxide  which  it  also  con- 
tains, and  which  has  now  become  granular  by  the  pro- 
longed boiling,  is  filtered  off  through  a  small  but  very 
compact  pulp  filter,  and  the  latter  well  washed  and 
ignited  along  with  the  main  residue  of  this  constituent. 
To  the  filtrate  ia  added  the  solution  obtained  by  dissolv- 
ing the  minute  quantity  of  iron  aulphide  remaining  as  a 
black  stain  on  the  hardened  filter  paper  in  a  few  drops 
of  hot  dilute  nitric  acid,  and  after  adding  a  few  cc.  of 
concentrated  nitric  acid  to  ensure  the  complete  oxidation 
of  the  iron,  an  acetate  separation  of  this  metal  from  the 
manganese  is  performed  exactly  as  described  in  the 
estimation  of  nickel  on  p.  190.  The  precipitated  basic 
ferric  acetate  is  filtered  off,  thoroughly  washed,  and  either 
ignited  strongly  to  ferric  oxide  and  weighed,  ordisaolved 
from  the  filter  in  hot  dilute  hydrochloric  acid,  the  solu- 
tion neutralized  with  dilute  ammonia,  reduced  with  80^, 
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the  excosB  of  tlio  latter  expelled  by  boiling,  and  tlie  iron 
determined  by  titration  with  potassinm  bicbromate  in 
the  manner  already  fully  described.  The  filtrate  from 
the  iron  is  cooled,  brominized,  and  tho  manganese  pre- 
cipitated in  the  usual  manner,  and  strongly  ignited  to 
Mn^O^.  The  resnlta  are  calculated  to  FeO  and  MnO 
respectively. 

The  filtrate  from  the  manganeae  is  examined  for 
calcium  and  magnesium  by  tho  usual  methods.  As  a  rule, 
they  ftro  absent  entirely,  or  if  present,  exist  only  as 
traces. 

The  tantalic  oxide  residue. — The  determination  of 
niobic  oxide  in  the  mixture  of  it  with  tantalic  oxide  is 
nnnecessary  for  the  purposes  of  the  steel-worka  chemist, 
and  can  only  be  made  by  a  tedious,  and,  at  best,  an  ap- 
proximately accurate  procosa.  This  depends  upon  the 
sparing  solubility  of  tho  double  fluoride  of  tantalum  ai 
potassium,  and  the  comparatively  ready  solubility  of 
corresponding  niobium  compound. 

Tho  mixture  of  oxides,  before  being  ignited 
solved  in  fuming  hydrofluoric  acid,  and  a  boiling  soli 
tion  of  hydrogen  potassium  fluoride  added.  (Needless 
say,  the  operation  must  be  conducted  in  platinum  vessels.) 
The  tantalum  gradually  precipitates  as  K^TiiF-,  and  is 
separated  by  concentration  from  tho  niobium,  in  fractions, 
as  well  as  may  be.  The  tantalum  compound  is  soluble  in 
about  200  parts  of  water,  and  the  niobium  analogue  in  12. 

The  double  fluorides,  after  separation,  are  decomposed 
with  sulphoric  acid,  the  solutions  evaporated  to  very  low 
bulk,  and  after  dissolving  out  tho  K.;SO^  with  water,  the 
residues  are  strongly  ignited  to  oxides  again,  with  the 
addition  of  ammonium  carbonate  to  facilitate  the  change. 
'   Igaited  TbjOq  uikI  JVi>,Qg  arc  insoluble  in 
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SECTION  in.  KEFRACTOKY  MATERIALS. 

»AKALT8I8  OF  GAUISTKR,  SILICA  MICIS  AJTO  SA5D8. 
The  sbove  mrtoriiils  oomist  alinnit  entirely  of  lilka, 
but  contaio  in  uSiiti""  """U  Fremtoge,  rf  domim, 
form  oiide,  "ni  'i""".  '^'"»''  Mponlie.  .lira  prnnit  in 
amall  (jmutitioa,  »o  far  from  being  iojunoo,,  ■•  nlublo, 
from  the  fact  that  their  presenoe  canget  tfca  nwtenala 
when  o»ea  for  tarnoee  ptippoee.  to  bi«|  ,^1  witkow 
splintering  or  crumbUng  whilst  h«iiig  nind  »  tks  n- 
teneo  heat  they  are  required  to  mtll«ta»a.  0(ooain,ai 
oioeasiTO  quantity  of  basea  ij  fct^  ca>mag  tm  Ssag  e> 
fuse  at  sleel-meltiog  heat.  CkemioJ  ni»l)j.,  knmir, 
does  uot  completely  decide  the  <p^  </  maaiill  <nA«r 
in  the  raw  state  or  in  its  msanSMtanl  Aim  oT  «li*» 
bricks,  inasmuch  as   materials  pnMialy  iiia^ni   )A 

physical  properties. 

Determinalion  of  WaUr  mi  Otftn,-  \<-~-- 

I  Weigh  out  about  2  ji tm  rf  *#•    ^■-■-  "'^^'^ 

material  {previously  pasied  Omgfc  »  ^—    ■    -;^^.* 
the  inch)  into  a  tared  phtii^  ■■lii         -.*    "'^ 
which  is  also  weighed  aad  laft»*a  -ma^'^-^^ 


I 
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msterial  is  strongty  ignited  in  the  maffle  for  abonl 
twenty  minutes.  Tho  crucible  after  becoming  quite  coU 
in  the  desiccator  is  covered  and  re-weighed ;  the  loss  re- 
presents moisture  and  organic  matter;  the  weight  multi- 
plied by  100  and  divided  by  the  weight  of  materij 
taken  = 


Annljug  of  Deepcar  silica  brick. 
Weight  of  crucible  and  cover  =  344934 
Weight  of  crucible,  etc.  +  material  =  36-5067 
Weight  of  brick  taken  =   3-0133 

Weight  of  crucible,  etc.,  nflcr  ignition  =  36' 
36-S067  -  3(f5030  =  00037  gramme  =  loss. 

■0037  X  100 

"lira's"  =0-I8"/„  loss  on  Ignition. 


Deter mmaiioH  of  SiO^,  Al^O^,  Fe^O^^  and  CaO. 
(Time  occupied,  about  1^  days.) 

WeUjM  ttikim, — Weigh  out  into  a  deep  3-in.  platinaflj 
diah  1  gramme  of  the  fiouty-divided  substance. 

Faaimj. — Intimately  mix  tho  material  with  5  grammes 
oiioh  of  sodio  and  potassic  carbonates  and  half  a  gramme 
of  KNO:,,  and  thoroughly  fuse  the  contents  in  a  covore 
dish  over  a  gas  blow-pipo  for  at  least  five  minutes. 

Exlractintf. — When  cool,  the  dish  and  cover  are  plaoaj 
in  n  6*in.  porcelain  dish  supported  over  a  boiling  wate 
hath;  tho  fusion  is  oi^traoted  witli  the  smallest  posaibl 
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quantity  ef  water,  and  the  dish  and  cover  are  thoroughly 
washed  and  remored. 

D&nble  evaporation  of  ECl. — The  porcelain  dish  is 
covered,  and  down  the  spout  are  poured  50  cc.  of  HCl, 
previously  heated  in  two  portions  in  the  Cfovered  platinum 
dish  in  which  the  fusion  took  place.  When  the  evolution 
of  COa  has  ceased,  the  cover  is  rinsed  and  removed,  and 
the  contents  of  the  dish  are  evaporated  to  complete  dry- 
ness on  the  bath.  When  neai-ly  dry,  the  mass  is  broken 
up  with  a  glass  rod,  the  dry  powdery  chlorides  are  then 
drenched  with  25  cc.  of  HCl,  are  again  evaporated  to 
dryness,  the  dish  being  finally  carefully  heated  over  a 
Buneeu  flame. 

EilivMtiiig  the  SiO^. — When  cold,  the  perfectly  dry 
mass  is  heated  in  the  covered  dish  with  about  20  eo.  of 
RCl,  and  then  with  100  cc.  of  water,  till  everything  but 
the  inaolable  silica  has  passed  into  solution.  The  reaidut* 
ia  collected  on  a  125  mm.  pure  paper,  is  washed  first  witb 
hot  dilute  ECl  and  cold  water  alternately,  antl  thou  very 
thoroughly  with  nearly  boiling  water. 

The  filtrate  and  washings  are  received  into  «  cIphu 
20-oz.  beaker,  and  are  preserved  for  the  doton(iin*li«n  of 
the  bases.  The  precipitate  is  dried,  ignited,  and  weigliwl 
in  a  tared,  covered  crucible  in  the  u-^ual  manm-r,  and  the 
weight  multiplied  by  100  =  %  SiO^. 

Separatini,  the  omido  of  iron  ax'l  .W.»mMMi  ,frt..«  (Ar 
iime.— The  filtrate  from  the  SiO^  m  l>r««K>»'  ^'  boilmg, 
and  little  by  little  dilute  ammonia  i«  added  down  th*  bp 
of  the  covered  beaker  till  in  faint  Mcess;  the  Uquid  w 
boiled  for  a  few  minutes,  removed  from  the  plMe.Mdlhe 
precipitate  after  settling  somewhat  is  colkct«d  on  •  M 
mm.  pure  paper,  thoroughly  washed  with  **^^**^t** 
filtrate  and  washings  being  preserved  in  k  cImh  W-ol 
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■I  mm  ^iA.  1*  «B.  ^  ■  "'  I  EG,  wldch  u 

III  ■  I     I  n    nji  1  m"     I  1     1  111. 

'  Ua  acii  K^bI  ■»  AiK  Mlialiud  widi  very 

s  I  «  1«,  ndved  vilfc  10  ec  of  H^O, 

B  (W  onM  »  bid  «ff  «*B7  bMe  of  JGl),  and  tlw 

I  BBinMr*  with  »  sp< 

■a    li    I     I  aefalMtt  of  JC^fin  made  hj  c 

r  ltt>  ccof  the  solatioci  vpecified  ob  p.  232  ii 

;  to  the  Duuk  uid  well  nuxin^^ 
I  0-1;^  Pf.     The  nomber  of  co. 
I  omhiplied  hj  0-H3S6  =  V  fV^,. 
^mlnUiimg  the  AI^^Tho  penrentiige  of  FejO^  sab- 
i  from  the  vei^ht  of  the  mixed  precipitete  molti- 
pHedb7l00=  %  AU)^. 

Esttmatng  tlu  lime, — ^The  ammoniacal  6Itrate  from  the 
oxide  of  iron  ood  the  almniiLs  ia  ersporated  down  to 
»boat  100  cc.,  made  slightly  alkaline  with  ammonia,  and 
the  lime  is  precipitated  by  boiling  the  solution  after  add- 
in);  10  cc.  of  a  aatanited  solntion  of  ammonium  oxalate. 
After  digesting  for  some  time  the  oxalate  of  calciom  is 
nllowod  to  HOltle,  is  collected  on  a  I'O  mm.  pure  paper, 
and  is  wawhcd,  dried,  ignited,  weighed,  aud  estimated  as 
uxidu  or  sulphate  in  exact  aocordanco  with  the  inatrnc- 
tlons  givon  on  p.  ;139.  — -•^M^fl 

'  I  r  IliB  iiiiiliM  \tav6  btiru  1i<wl«>l  too  strongly  in  the  muffic,  it  will 
liK  flniiiil  l(iii»iHi1)lo  1(1  ili»nW<i  them  oKtiiii. 

'  Til*  >il<1lti.<>i  of  N  few  re.  of  diliitu  M,*0,  miwi  not  be  for- 
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V  Examples  of  reaulta  obtained  m  the  foregoing  analygis, 
I  Weight  ofSiOj  obt«ined=0-96l7  grummesOei?"/,  SiO^. 

Weight  of  (i  Fe^O^  +  y  vl/jOg)  =  00209  gmuime. 

Cc.  of  K„Cr^O^  used   for  iron  =  7-5,   ami    7'3  X -14286=  l-077„ 
2-09-  i-07  =  l-027o  Alfi^. 

Woiglitiif  CaO  —  Q-WiM  gramme  =  0'96°/,  CaO. 


Precaution. 

.  Ab  sodic  and  potasaic  carbonates  are  soldom  perfectly 
iro,  it  is  very  adrisablo  to  make  a  blank  analyBia  on  tbe 
same  weight  of  mixed  carbonates  and  nitre  as  that  asad 
for  the  faeion,  and  to  estimate  the  SiO.^  and  Al^O^  con* 
tained  therein.  The  results  are  of  course  deducted  from 
the  respective  conatitncnts.  If  this  precaution  is  neg- 
lected, the  appreciable  percentage  of  these  substances 
sometimes  present  may  cause  the  apparent  percentage 
obtained  to  be  distinctly  high. 


Theoretical  Considerations. 

On  fusing,  the  ganister,  etc.  is  decomposed  by  the 
Valine  carbonates  into  the  silicates  of  soda  and  potash 


H    On 
Hkalii 

I'  3  SiO^  +  4  N(kCO»  =  Na^Si^Oio  +  4  CO^ 

Silica  and  sodium  carbonate  yield  sodium   trisilicate 
and  carbon  dioxide— 

SiO.  +  KfO^  =  A'jS.'Og  +  CO^ 
Bilica  and  potassium  carbonate  yield  potassium  meta- 
Qicate  and  carbon  dioxide. 
The  alumina  is  converted  partly  into  alkaline  alnmin- 
,  partly  into  oside,  the  lime  and  oxide  of  iron  remain 
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oa  snch,  On  treating  the  extraction  from  the  fusion 
with  HOI  the  alkaline  silicates  are  decomposed,  forming 
clilorides  and  partially  soluble  silicic  aoid,  the  lattCT 
during  the  double  evaporation  to  dryness  is  dehydrated 
and  converted  into  insoluble  SiO..,  whilst  the  lime,  oxide 
of  iron,  and  alumina  form  soluble  chloridea.  A  single 
evaporation  has  not  been  found  to  render  the  whole  of 
the  silica  soluble,  hence  the  mass  is  taken  to  dryness 
twice,  and  is  finally  ignited  gently  over  the  Bunsen 
flame.  On  taking  up  with  HCl  and  water,  the  chloridee 
of  aluminium,  iron,  calcium,  and  the  alkalies  pass  into 


leparated  from  the 
ng  advantage  of  the 
pitated  by    ammonia. 


solution  aa  chlorides.     The  lime  i 

oxide  of  iron  and  alumina  by  takic 

fact  that  its    hydrate  is  not  precip 

When  great  accuracy  ia  desired,  the  oxide  of  iron  and 

alumina  may  be  precipitated  twice,  and  the  filtrate  from 

the  lime  be  examined  for  magnesia  by  the  procei 

described  for  the  analysis  of  iron  ores. 


Determination  of  the  Alkalies.    (See  Fire-days.jM 


Analysis  or  Firb-clavs  and  Bricks. 

Fire-clays  consist  essentially  of  hydrated  silicate  % 
alumina  containing  greater  or  lessor  percentages  of  t 
oxides    of   iron,   calcium,  magnesium,   potafsiui 
sodium.    The  bases,  particularly  the  two  last  named,  if^ 
present  in  largo  quantities,  are  fatal  to  the  refractory  T 
quality  of  the  clay  and   bricks   made  therefrom.    The 
steel  chemist's  horror,  titanic  acid,  may  also  bo  present 
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in  email  amount.  The  plaatic  properties  of  fire-clays 
depend  upon  the  presence  of  a  considerable  percentage 
of  combined  water. 


Determination  of  Hygroscopic  Water. 

The  moigtnre  present  ia  estimated  by  the  process 
given  for  iron  ores  on  p.  316.  The  clay  thua  dried  at 
100°  C.  ia  finely  pulverized,  passed  through  a  sieve  of 
90  meahes  to  the  inch,  and  bottled  for  the  remainder  of 
the  analyaiB,  which  will  of  conrae  have  reference  to  the 
dried  material. 


Belermination  of  Combined  Water  and  Organic 
Carbon, 

The  plastic  water  and  organic  carbon  are  most  ac- 
curately determined  by  the  method  given  for  iron  ores 
on  p.  344.  In  clays  free  from  FcO,  however,  their 
amount  may  be  determined  with  sufficient  eiactnesa  for 
practical  purposes  by  igniting  about  2  grammes  of  the 
clay.  The  details  of  the  estimation  are  identical  with 
those  given  for  ganister  on  p.  365.  When  dealing  with 
burnt  fire-bricks,  it  is  merely  necessary  to  ignite  the 
material  and  calculate  and  report  the  percentage  of  low 
as  total  water  and  organic  matter. 


I  Determination  of  CaO  ami  }fgO. 

Proceed  on  1  gramme  of  the  material  aa  far 
till  the  double  precipitate  of  Al^O^  and  J*^,  M 


I 


871 
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This  is  coUectod  on  a  125  mm,  paper,  is  allowed  to 
drain,  re-diasolved  in  HCl,  the  Bolution  being  received 
into  the  beaker  in  which  the  precipitation  took  place. 
The  paper  is  washed  and  put  aside  till  required  for  the 
second  filtration.  The  yellow  liquid  is  evaporated  to  low 
bulk,  diluted  to  200  cc,  and  re-precipitated  with  am- 
monia. The  filtrate,  which  contains  a  email  quantity  of 
lime  and  magnesia,  carried  down  by  the  alumina  is  added 
to  the  first  filtrate  containing  the  main  quantity.  The 
combined  filtrates  are  evaporated  to  200  cc,  and  the 
two  oonstiluents  are  then  determined  by  the  process 
described  for  iron  ores  on  p.  339. 

Determination  of  SiO^  and  Fe^O^. 

SiO,,.— The  SiO.^  in  fire-clay,  etc.,  ia  estimated  on  1 
gramme  of  the  dry  material  by  exactly  the  same  proceea 
as  that  deecribed  for  ganiater:  tho  final  residne  may 
contain  a  little  TiO.,. 

JfejiOg. — The  filtrate  from  the  silica  is  evaporated  to 
low  bulk,  neutralized,  reduced,  and  the  percentage  of 
iron  is  determined  by  titration  as  in  the  analysis  of 
ganister. 

The  number  of  cc.  of  bichromate  required  multiplied 
by  0-14286  =  %  Fcfi^. 


Determiiiation  of  Aijj^. 

The  alumina  is  very  carefully  determined  working  on 
0-25  gramme  of  clay  or  brick  (a  larger  weight  gives  a 
very  unwieldy  precipitate),  by  the  process  described  for 
its  eatimatioD  in  ganister,  but  it  should  be  twice  preoipi- 


i^ 
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tctted  to  free  it  from  !imo  and  magnesia.  Tho  weight  of 
the  mixed  procipitato  multiplied  by  400,  minus  the  per- 
centage of  oxide  of  iron  (aa  calculated  from  the  titration 
made  in  the  last  article),  equals  ^  AIJ)^. 

A  small  percentage  of  TiO.^  may  possibly  ho  present  in 
the  double  precipitate,  and  is  registered  as  alumina,  un- 
less separated  and  determined  as  described  under  iron 
ores  on  p.  346. 


Determination  of  FeO. 

The  iron  in  Gre-clays  and  bricks  is  usually  reported  as 
J'ejOj :  it  may,  however,  exist  as  FeO,  in  which  form  it  is 
more  injurious  to  the  refractory  qualities  of  the  material 
owing  to  the  comparative  fusibility  of  ferrous  silicate. 
The  proportion  of  ferrous  oxide  may  be  approximately 
estimated  by  the  following  process,  due  to  Avery,  Wil- 
bur, and  Whittlesey. 


The  Process. 

One  gramme  of  the  material  is  reduced  to  impalpable 
powder  in  the  agate  mortar,  and  very  intimately  mixed 
with  rS  grammes  of  finely-divided  calcium  fluoride 
(fluorspar),  free  from  iron.  The  mixture  is  placed  in  a 
covered  platinum  dish,  20  cc.  of  strong  SCI  (devoid  of 
free  chlorine)  are  added.  The  mass  ia  mixed  with  a 
platinum  wire,  and  the  dish  is  placed  on  the  corner  of 
the  hot  plate  and  digested  for  about  an  hour  at  a  tem- 
perature slightly  under  100°  C.  in  an  atmosphere  of  00^, 
in  the  apparatus  sketched  in  Fig.  16,  p.  328,  for  tho 
determination  of  FcO  in  insoluble  iron  ores.    The  fire- 
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clay  crucible  is  merely  placed  over  tbo  dish  on  tbe  itoti! 

plate.  The  solution  is  rinsed  from  the  dish  into  a  20- 
oz.  beaker  containing  50  cc.  of  recently -boiled  distilled 
water  by  means  of  a.  jet  of  the  same  liquid,  and  the  fer- 
rous iron  is  determined  by  titration,  with  the  dilut-e 
standard  bichromate  solution  specified  for  ganister  on 
p.  368.  The  number  of  cc.  required  multiplied  by 
0-12857  =  %  i^-eO. 

The  percentage  of  Fe^O^  is  obtained  thus— 
[cc.  of  K^OrjOj  required  for  total  iron  (in  filtrate  froi 
8iO^'] — (cc,  required  for  FeO  titration)  x  0-14286 


) 


Determination  op  the  ALKALiEa, 

Method  I.   (Lawrence  Smith,  modified.) 

(Time  occupied,  about  2  daya.) 


I 


Weight  taken. — Weigh  out  1*44  grammes  of  the  sub- 
stance reduced  to  an  ivipalpable  powder  into  a  platinum 
dish,  and  intimately  mix  it  with  1  gramme  of  pure 
ammouium  chloride  and  9  grammes  of  pure  calcium  car- 
bonate (both  rc-agenta  must  of  course  be  quite  free  from 
potassium  and  sodium  salta). 

Dry  fusion. — The  covered  dish  is  heated  for  about 
1  hour  in  the  muffle  at  a  fair  red  heat,  say  700°  C 

Extracting  the  fusion. — When  cold,  the  dry  mass  is 
detached  and  transferred  without  loss  from  the  platinum 
to  a  (i-in.  porcelain  dish,  heated  on  the  water-bath  with 
250  cc.  of  water,  the  insoluble  reaidue  being  broken  up 
and  afterwards  occasionally  pulverized  with  a  amaU 
Wedgwood  ware  pestle  during  at  least  an  hour. 
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Fraetional  JlUralloii. — Tbo  postlo  is  rineod,  and  tlie 

aolution  and  rcBiduo  nro  traasfoired  without  lose  to  a. 

102  CO.  gr&duatod   Bask,  and  when  cold  ure  diluted  to 

iO  mark,  thoroughly  mixed,  and  250  cc,  corresponding 

1'2  grammeB  of  material,  are  filtered  off  through  a 

dry  double  filter  into  a  graduated  flask. 

Rcviovinij  the  lime. — The  250  co,  of  solution  are  trans- 
ferred to  an  oh/  20-oz.  beaker,  boiled  down  to  200  cc, 
made  alkaline  with  ammonia,  and,  a  few  cc.  at  a  time,  a 
saturated  solution  of  pure  ammonium  oxalate  is  added 
till  no  further  precipitation  takes  place.  The  beaker 
should  be  removed  from  the  plate,  and  the  oxalate 
allowed  to  settle  between  each  addition,  and  about  5  oc. 
ixcesa  Bhould  bo  used.  The  liquid  is  boiled  and  after- 
is  quietly  digested  till  the  lime  has  precipitated  and 
is  almost  clear.  The  solution  and  precipitate 
transferred  to  a  301  cc,  flaak,  diluted  to  the  mark, 
mixed,  and  250  cc.  of  liquid,  corresponding 
gramme  of  material,  are  filtered  oET  with  the  usual 
intions. 

S^Htrating  tran'i  of  M-jO  and  OaO. — The  250  cc.  of 
lie  ar6  boiled  down  and  evaporated  to  about  40  cc, 
nde  strongly  alkaline  with  10  cc.  of  880  ammonia. 
~il  not  more  than  three  drops  of  a  10^  solntioa 
lium  phosphate,  which  moat  be  quite  free  from 
sodium  salts.    The  liquid  ia  allowed  to 
some    hours,    being    occasionally    briskly 
Any  ammonium  magnesium  phosphate, 
little  oxalate  of  lime,  which  usually  pre- 
(vaponitioQ  of  the  filtn  lo,  ia  filtered 
ammonia  water,  the   filtrate  and 
nved  into  an  old  clean  20-qz.  beaker, 
>-Tlie  alkaline  liquid  ia  boiled  down 


STEEL   WOBKS  A^fALi'SJS 


till  almost  free  from  nnimoiiia,  made  faintly  acid  i 
HOI,  and  5  cc.  of  the  standard  solution  of  FeCl^  specifia 
on  p.  132  are  added.  The  liquid  is  brought  to  boiling, 
and  little  by  little  dilute  ammonia  is  poured  down  the  lip 
of  the  covered  beaker  till  in  slight  excess.  The  contents 
of  tho  yeeeel  are  then  quietly  digested  till  the  phosphaLO 
of  iron  has  flocked  out  and  tho  liquid  is  crystal  clear. 
The  precipitate  is  filtered  off  and  washed  with  hot  water, 
the  filtrate  and  washings  being  received  into  a  clean  old 
20-oz.  beaker. 

Removing  amvionium  salts. — Add  to  the  filtrate  from 
tho  phosphate  of  iron  30  cc.  of  strong  nitric  acid,  and 
qaietly  boil  the  liquid  down  to  5  cc,  then,  with  as  little 
wash-water  as  possible,  transfer  the  solution  from  the 
beaker  to  a  tared  3-iiL.  porcelain  dish. 

Weighing  the  alkatiex  as  chlorides. — Quietly  evaporate 
the  liquid  in  the  porcelain  diah  to  very  low  bulk  on  a 
pipe-stem  triangle  placed  on  the  hot  plate;  add  10  cc.  of 
strong  HOI  and  evaporate  to  dryness;  cool  the  dish,  add 
5cc.  ofHC'i,  again  evaporate  to  dryness,  and  3 en (iy  ignite 
over  a  Bunsen  flame.  When  the  dish  has  become  quite 
cold  in  the  desiccator,  re-woigh  it ;  the  increase  over  the 
original  weight  of  the  dish  =  {x  KCl  -f  ;/  NaCl) . 

Esti-maiing  the  chlm-ine. — Make  a  standard  solution  of 
nitrate  of  silver  by  dissolving  2'397  grammes  of  the  pore 
dry  salt  in  500  cc.  of  water.  Each  cc.  is  equivalent  to 
1  milligramme  of  chlorine.  [The  solution  may  be  stand- 
ardized by  means  of  a  solution  of  pure  dry  NaCl,  of 
which  salt  0*0826  gramme  dissolved  in  a  little  water 
should  require  exactly  50  cc.  of  the  silver  solution  when 
titrated  in  the  manner  about  to  be  described.) 

The  alkaline  chlorides  are  dissolved  by  gently  boiling 
with  10  or  16  00.  of  water,  the  dish  ia  well  rinsed  out^ 
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tbe  solution  and  waafaingB  being  received  in  a  4-in.  deep 
porcelain  disb.  Add  to  the  liquid  a  few  drops  of  a  strong 
solution  of  yellow  normal  potaasic  chromate  {KfirO^},' 
and  then  from  a  50  cc.  burette  slowly  run  in  the  eilver 
solution,  constantly  stirring  tbe  liquid  meanwhile  till  the 
laet  two  drops  of  nitrate  produce  a  permanent  reddish 
tinge.  Eachcc.  of  standard  solution  used  =  O'OOl  gramme 
Ci. 

Calculatitig  the  alkaline  oxides. — The  percentage  of  the 
mixed  oxides  (ai  ff^O  +  y  iVojO) — and  for  practical  pur- 
poses it  is  nnnecessary  to  separate  them. — is  calculated 
thus  :     (Weight   of  chlorides  —  weight   of  chlorine)  H 

(weight  of  chlorine  x  0-2256)  =  weight  of  (x  K./)  4- 
y  Na^O),  and  weight  of  mixed  osidea  multiplied  by  100 

=  the  percentage  of  alkaline  oxides. 

Example  of  Analysia. 

Weight  of  clay  token  1*44  (  =  I)  gmmmes. 

Weiglit  of  dish  +  mixed  chloridw  =  43-6298 

Weight  of  di9li  =  43'6II2 

Weight  of  (aiJfO  +  yJVaC0=      ■0I8(i 

Volume  of  silver  soliitiou  required  SS  cc,  =  0'0098  gramiue  (. 
Then  (-0186 -'0098)  +  (.0098  x  -2256)  =  -0088  +  "0022  =  Mi 
of  alkaline  oxides. 


Theoretical  Considerations. 
Oa  heating,  the  AmCl  of  the  fusion  mixture  converts 
a  portion  of  the  CaCO^  into  chloride  thus : 

2  AmCl  +  OaCO^  =  CaCl^  +  C0^  +  2  NS^  +  H^O 

'  This  icdicator  is  reudered  raore  wnsitive  by  adding  d  few  drops 

of  nitrate  of  silver  solution,  shaking  well,  and  filtering  off  the  clear 

solution  from  the  precipitate  of  chromate  of  ulver. 


I 
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The  surplus  carbonate  of  lime  ia  converted  into  o; 
with  evolution  of  CO^.  The  caloic  chloride  and  oxh 
thus  formed  together  attack  the  insoluble  altalino  silic- 
ates, formiDg  by  a  complex  reaction  silicate  of  lime  and 
soluble  potassic  and  sodic  chlorides,^  On  extracting  the 
fusion  with  water  the  calcium  silicate,  silica,  alumina, 
and  oxide  of  iron  remain  insoluble,  whilst  the  alkaline 
chlorides,  calcic  chloride,  together  with  some  calcic  oxide, 
and  possibly  a  little  magnesia,  pass  into  solution.  The 
bnlk  of  the  MgO,  however,  even  if  originally  soluble, 
seems  to  be  carried  down  with  the  carbonate  of  lime 
precipitated  during  tho  extraction  owing  to  the  action 
of  atmospheric  OO2  on  the  calcic  hydrate  in  solution. 
In  the  filtrate  from  the  extraction  the  lime  compounds 
aro  removed  by  precipitation  as  calcium  oxalate,  GaCjO,. 
The  magnesia  is  precipitated  as  phosphate  AmMgPO,. 
The  iron  added  is  precipitated  as  hydrate  on  the  addition 
of  ammonia,  and  carries  down  with  it  the  excess  of  PjO^ 
as  FbPO,.  The  removal  of  AmCl,  etc.,  from  the  final 
solution  by  evaporating  with  HKO3  has  been  explained 
on  p.  341.  The  double  evaporation  with  strong  HOI  is 
uocessary  to  expel  the  aitric  acid  from  the  alkaline 
nitrates,  and  convert  them  into  chlorides.  The  reaction 
between  the  chlorides  and  the  silver  nitrate  may  be 
exemplified  thus : 

EOl  +  AgSO.,  =  AgCl  +  KNO^ 

As  soon  as  the  whole  of  the  chlorine  has  been  reacted 
upon,  the  next  addition  of  silver  solution  throws  down 
from  the  yellow  chromate  of  potash  indicator  a  reddish 
precipitate  of  chromate  of  silver,  thus : 

K-firO,  +  2  AgNO^  =  Ag^rO^  +  2  KNO, 
'  The  tililurides  ue  volatile  at  about  SOty  C. 


ixide 


r 
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In  calcalatiiig  the  reaulta,  tho  factor  ^ivcc  siiltiiUtutiui 
1  atom  of  oxygen  for  the  2  atoran  of  chlorino,  <iof»ijtii«iii 
with  the  alkali  tDOtal,  thus,  diagramatically : 

2  KCl  +  2  Nad  +  2  0=K./)-\-  Na/J  +  4.fl 
or  Ki  Na^  O,       and  L% 


=  15-9 


70-74 


It  is  very  neceesary  that  tho  analymx  liii  iiiiuiiuuitul  (o 
old,  well-aaed  beakera;  glasa  (which  coiitaiiia  Hlxttit  (ftV 
of  alkaline  oxidea)  la  palpably  solublu  when  imw,  Utii  (|im 
error  from  old  beakerti  ia  small. 


Method  II.— Hydrofluorio  Anid  Muihul: 

Treat  VAri  grammes  of  the  finoly-ilivii|ui| 
platinum  diah  with  5  co.  of  atroDg  tuiljiliwiw 
to  50  cc.  of  the  purest  aquocjua  liydr'tHMf/ft 
digestion  ia  continued  with  froqucibl  tH^/^ 
of  a  stoat   platinum   wire    until   i»rj  fC^/ify 
undecompoaed  material  can  be  fflt,  "i  fitMii  j^tf^H 
tion  is  evaporated  until  nearly  ull  (J^  'v^Mib  ^tt^M 
beon  volatilized.    Digest  tlm  rimUlm  0)tltmttiu^L^ 
acid  until  complete  solution   l«  w1bi*.i^  tiif'tilS   J 
freely.   {A  amall  insoluble  rotl'lix,  .  , 
again   treated  with   aulplmriu  m.  ■ 
Now  add  dilute  ammonin  unlfl    ' 
a  minute,  transfer  to  a  ''.'in  , , 
mark,  and  filter  ofi'  250  <;  , 
material.    Tho  filtrate  in  !>' 
Bolution  of  barium  chlorido  it/14^       *. 
ther  precipitate  ia  obUiiuad,  lit  >mi_ 
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being  thus  precipitated.    The  excess  of  barium  thual 

troducod   together  with   the  lime  und  magnesia   of  the 
original  umterial  are  pret-ipitatcd  ia  the  same  solution 
by  the  addition  of  ammonium  carbonate  an 
phosphate.     After  allowing  to  «tand  for  half  ao  hoQl 
make  up  to  300  cc.  and  again  filter  off  260  cc,  repi 
senting  1  gramme  of  the  material. 

The  filtrate  should  contain  now  only  the  alkalies, 
volatile  ammonium  aalta  and  ammonium  phosphate. 
From  this  point  to  the  end  of  the  determination  the 
operations  are  identical  with  those  described  already  i 
the  Lawrence  Smith  method,  commencing  with  the  i 
moval  of  the  phosphoric  acid. 


Akaltsis  op  Baoxitb. 


J 

'  the 

ttion 

rep^H 

kliea, 
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This  mineral  consists  essentially  of  a  double  hydrate 
of  aluminium  and  iron,  containing  about  50%  4/,0y 
25%  -ffcaOa,  20%  H,0,  together  with  small  percentagM 
of  silica,  titanic  acid,  etc.  It  is  sometimes  used  in  t 
form  of  bricks  as  an  isolating  coarse  in  basic  i 
hearth  furnaces. 


Determination  of  Hijijroscopic  Water. 

The  hygroscopic  moisture  is  determined   as  for  irc 
ores  on  p.  316.     The  remainder  of  the  analysis  is  e 
on  the  mineral  thus  obtaioed  dried  at  10U°  C. 

Determination  of  Water  of  Constitution. 

The  combined   water  may  be  determined  by  simp 
ir  described  on  p.  365,  when  i 


ignition  in  the 


rik 
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little  organic  rnfitter  present  will  render  the  result  ob- 
tained slightly  high.  It  may  be  more  accurately  estim- 
ated by  the  process  described  for  iron  ores  on  p.  343. 


Determination  of  SiO^. 

One  gramme  of  the  finely-divided  mineral  is  fused 
with  3  grammes  each  of  pure  sodic  and  potassic  car- 
bonates, the  fusion  is  extracted  in  porcelain,  and  eva- 
porated twice  to  dryness  on  the  water-bath  with  strong 
HCl.  The  dry  mass  is  taken  up  in  HCl  and  water,  the 
insoluble  silica  being  filtered  off,  thoroughly  washed, 
dried,  ignited,  and  weighed  in  the  usual  manner.  It 
will  probably  contain  a  little  TiO.,.^  The  details  of  the 
above  operations  will  be  sufficiently  obvious  on  refer- 
ence to  the  articles  on  the  analysis  of  gaoister  and  fire- 
clay, 

Preaerving  the  filtrate. — The  filtrate  and  washings 
from  the  910^  are  received  into  a  250  oc.  gradnated 
fiask;  the  liquid  is  cooled,  made  up  to  the  mark,  well 
mixed,  and  portions  are  employed  for  the  estimation  of 
the  AUO.^  and  Fefi^. 


Determination  of  Ferric  Oxide. 

Measure  off  125  cc.  of  the  filtrate  from  the  silica,  cor- 
responding to  0"5  gramme  of  bauxite,  into  a  20-oz. 
flaak.  The  liquid  is  then  neutralized,  reduced,  acidified, 
titrated,  and  the  percentage  of  Fe^O-^  calculated  as  though 
dealing  with  an  iron  ore. 

'  Tlie  SiO^  niny,  if  deBired,  be  purified  bj  fiiaion  wkli  HKSO^ 
(.ecp.2GI). 
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Determination  of  Alumina. 


ito  a.  20-08.  ■ 


50  cc.  of  the  filtrate  from  the  silica,  corresponding 
0'2  gramme  of  bauxite,  are  measurod  into  a  20-o8^ 
Ijeaker,  diluted  to  200  cc,  brought  to  boiling,  and  the 
oxide  of  iron  and  alumina  aro  precipitated  by  pouring 
down  the  lip  of  tho  covered  beaker  a  faint  excess  of 
dilute  ammonia.  The  precipitate  after  digesting  is 
filtered  off  on  a  125  mm.  pure  paper,  eliglitly  washed,  re- 
dissolved  in  BCI,  re-precipitiited  with  ammonia,  and  is 
filtered  off,  thoroughly  washed  with  hot  water,  dried, 
ignited,  and  weighed  as  (xAl^O^  +  y  Fe^O^).  Tho  per- 
centage of  J/^O^  ia  calculated  by  difference  in  the  man- 
ner described  on  p.  368,  of  course  using  the  percentage 
of  ^jOg  as  determined  in  the  last  article.  The  result 
will  probably  be  a  little  high,  small  quantities 
K.,0'TiO.,  being  estimated  as  alumina. 


Analysis  ov  Ma^nesian  Liub  Biuc'K8. 


The  operation  of  crushing  these  bricks  must  be  pt 
formed  as  expeditiously  as  possible,  so  as  to  tjulckly 
the  pulverized  material  into  a  closely-stoppered  bottle, 
as  it  is  very  liable  to  absorb  moisture  and  CO^  from  the. 
air,  ^H 

Determination  of  SiO^.  ^| 


the  insoluble  StOe, 
and  dry,  tgnitflj  uull 
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■weight  obtained  multiplied  by  100  =  %  SiO^.  The  resi- 
due may  contain  smnll  quantities  of  basic  oxides,  and 
where  scientific  accuracy  is  required,  a  considerable 
quantity  of  it  may  bo  analyzed  as  if  a  sample  of  ganiater, 
lio  magnesia  being  of  conrse  determined. 


Determination  of  Alumina  and  Oxide  of  Iron. 

Kasolve  2  grammes  of  the  powdered  brick  in  30  cc. 
of  HCl,  dilute  the  solution  to  200  cc,  bring  to  boiling, 
and  precipitate  the  oxide  of  iron  and  alumina  with  a 
faint  exceas  of  ammonia.  Filter  off  the  precipitate,  waah 
it  slightly,  re-dissolve  in  ECl,  aud  re- precipitate  as  be- 
fore. Thoroughly  wash  the  precipitated  oxides  with 
boiling  water,  dry,  ignite^  and  weigh  aa  {a;  FeM^- 
Al^O^y  The  residue,  however,  may  contain  traces  of 
Mn:,Ot  and  P.O,,.  It  ia  boiled  with  ECl,  and  when  all  the 
iron  has  passed  into  solution  the  liquid  is  neutralizi 
reduced,  and  the  iron  is  titrated  in  the  usual  manner,  with 
the  bichromate  solution  specified  on  p.  368  for  ganistor. 
The  result  obtained  is,  however,  divided  by  two,  the  re- 
spective percentages  of  oxide  of  iron  and  alumina  am 
then  calculated  as  usual. 


» 


Determination  of  Lime  and  JA/(/"Wiu. 
0  5  gramme  of  material  is  dissolvoil  in  JWl  and  evor- 
porated  to  dryness;  the  mass  ia  taken  up  in  5  oo.  of 
ECl,  diluted  to  200  cc,  aud  tlio  oxide  of  iron  and 
alumina  are  precipitated  with  <Iilute  ammonia.  They  are 
filtered  oflFand  slightly  washed,  the  filtrate  andwaahinga 

'  Sec  footnote  on  p.  368. 
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boing  presorved.  The  precipitate  from  the  ammonia  ^| 
re-dissolved  in  UOl,  the  solutioua  and  washing  being 
received  iiito  the  beaker  in  which  the  precipitation  took 
place.  The  liquid  is  evaporated  to  5  cc,  and  diluted, 
precipitated  with  a  faint  excess  of  ammonia  as  before. 
The  precipitate  is  fiUerod  off,  and  the  resulting  SItrate, 
probably  containing  a  little  lime  and  magnesia,  is  added 
to  that  containing  the  main  quantities.  The  solution  is 
evaporated  to  200  cc,  and  the  lime  is  precipitated  with 
20  cc.  of  a  saturated  solution  of  ammonium  oxalate,  and 
estimated  in  the  manner  described  for  iron  orea  on 
p.  339. 

MgO. — The  filtrate  from  the  calcium  oxalate  \a  acidi- 
fied with  HOI,  evaporated  down  to  about  100  cc.,  and 
25  cc.  of  a  10^  solution  of  ammonium  phosphate  are 
addedj  then,  constantly  eliaking  the  liquid  round,  add 
dilnto  ammonia  till  in  distinct  excess.  The  total  volume 
is  then  made  up  with  strong  ammonia  to  200  cc.  After 
standing  a  few  hours  with  an  occasional  brisk  shaking, 
the  phosphate  is  filtered  off,  washed  with  water  strongly 
alkaline  with  ammonia,  and  is  dried,  ignited,  and  weighed 
as  MgiPJDj  in  the  usual  manner,  4  milligrammes  being 
added  to  the  weight  of  tho  precipitate  as  a  correction  for 
Bolnbility,  The  corrected  weight  of  pyrophosphate  mul- 
tiplied by  72-2  =  %  MgO. 


ANALTSia  OP  Dolomite. 

Typical  dolomite  consists  of  a   double  carbonate   i 
lime  and  magnesia  containing  about  48^  CO^,  30%  Jl^f70,l 
20%  CaO,  and  as  impurities,  smalt  percentages  of  Ft^O,  J 
MnO,  Al/)^,  and  iS»0^.    Small  quantities  of  S'Oa,  M'i',, 
PjO^,  and  jTVOj  may  also  bo  present  in  this  mineral,  and 


\ 
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coneequontlj  the  compounds  resulting  from  their  ignition 
may  be  found  in  tho  magneBian  lime  bricks  made  froiji 
It.  An  exhaustive  analysis,  however,  is  seldom  necosBury 
for  practical  steel  works  purposes.  The  analytical  pro- 
ceduro  giyen  below  is  of  course  applicable  to  ordinary 
limestone  (OnCOa  +  impurities)  ^^^  magnesito  {WjGO^ 
+  impurities) . 

The  methods  for  estimating  in  limestones  SiO.^,  PeO, 
.■l^Oj,  ftiO,'  U(jO^  do  not  diSter  in  their  details  from 
those  given  in  the  previous  article. 

CO^. — Carbon    dioxide   is    estimated    by  the  proce«I.._ 
described  for  carbonated  iron  ores  on  p.  342.  _J 


Determination  of  MnO. 

Dissolve  12  grammes  of  the  pulverized  stone  in  dilute 

^Ci  in  a  large  covered    beaker,  and  evaporate  lo  !„„ 

bulk.    Trsosfer  the  solution  and   insoluble  residue  to  , 

SOO  ».   graduated   flask;    when    oold,    make  up  fo  ^^ 

mark,  thoroughly  mix,  and  by  fractional  filtration  obtdin 

SIO  cc.  of  liquid  containing  the  Jf"0  in   10  gramme,  al 

dolomite.     Transfer   the    liqui"!    to    » J*""'"'-   'egi.l.^ 

flask,  add  4  cc.  of  bromine,    shake   the  l.,md  ^   -^ 

-"ly  .11  dissolved,  and    then    add  cautiously  j,^    " 

"'roag  ammonia.    The  solution  i»  shaken  round  ^j  y^ 

digested,  nearly  at  boiling,  '"'."'""ffl^l"  f'Hit^'' 

filtered  off,  wasied,  dissolved  .»   HOI,  the  ^.^ 

""kings  being  neutralised   with  nmmon.  ,    - 

precipitated  with  ammonium  ""''f't-^.*- 

«  filtered  off,  the  mangaoM"  m  the  611m,., 

c  c 
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with  bromine  and  ammonia,  and  estimated  in  the  i 
manner.  The  weight  of  Mn^Oi  obtained  x  01)3  = 
weight  of  MnO:   this  X  10  =  %  MnO. 

Determination  of  PM^  and  Sulphur. 

FfO^. — Dissolve  10  grammes  of  the  pulverized  mineral 
in  a  20-oz.  covered  beaker  in  50  cc.  of  HOI.  Evaporate 
to  low  bulk,  and  dilute  to  200  cc.  Bring  the  Hqaid  to 
boiling,  and  precipitate  the  fejO,,  AJ,,0^,  and  PjO^  with 
a  faint  excess  of  ammonia.  Filter  off  the  precipitate, 
wash  it,  and  re-dissolve  in  B.01;  evaporate  the  solution 
and  washings  to  low  bulk,  add  excess  of  dilute  ammonia, 
just  take  up  the  resulting  precipitate  in  strong  nitric 
acid,  boil  for  a  few  minutes,  remove  the  beaker  from 
the  plate,  and  add  excess  of  nitric  acid  solution  of 
ammonium  molybdate  specified  on  p.  139.  The  resulting 
yellow  precipitate  is  filtered  off  and  dealt  with  in  one  or 
other  of  the  methods  specified  in  connection  with  the 
determination  of  phosphorus  in  steel. 

S. — Sulphur  is  estimated  working  oa  6  grammes  of 
the  stone  as  in  the  case  of  an  iron  orej  the  remarks 
made  on  p.  3S5  concerning  the  insoluble  residue  applj 
also  to  the  present  case. 


Determination  of  a 

The  alkalies  in  raw  dolg 
bricks  may  be  determine! 
5  grammes  of  the  matoriS 
1  gramme  of  ammonium 
process  described  for  fire-d 
of  course  caloul 
may  be. 


yOsAa, 
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Coal  is  a  foBsil  fuel  reBuIting  from  tKe  accumulation 
of  vegetable  matter  during  past  geological  ages.  The 
duration  of  the  action  of  mechanical  preaaure  of  super- 
impoaed  strata  and  internal  chemical  change,  determine 
the  character  of  the  coal,  which  ranges  from  incompact, 
peaty  brown  coal,  through  the  ordinai-y  black  pit  coal 
to  compact,  vitreous  anthracite,  the  last-named  bein3 
the  oldest  formation.  Chemically,  coal  consists  mainly 
of  carbon,  togother  with  varying  quantities  of  hydrogen, 
oxygen,  a  little  nitrogen,  and  the  inorganic  constituents 
found  in  its  ash.  The  most  noticeable  chemical  change 
marking  the  inconceivably  slow  passage  from  poat  to 
anthracite  is  a  diminution  of  oxygen,  accompanied  by  a 
consequent  increase  of  carbon  and  heating  power. 

Proximate  Analysis  of  Coal. 

The  industrial   analysis  of  coal   usually   includes   the 
following  items; 
Moisture. 

Coke  (  =  fixed  carbon -fash). 
Volatile   matter    (  =  weight   of  original    dry   coal  — 
coke). 
Sulphur. 
Ash. 


Deierminatio7i  of  Sulphur  (Eschka,  modified), 
(Time  occupied,  atont  J  day.) 

Weight  taken. — Weigh  out  1"2  grammes  of  the  coal 
in  a  very  6ne  state  of  division  into  a  ^^-in.  flat  platiaiun 
dish,  and  very  intimately  mix  it  with  about  1  '25  grammea 
of  calcined  magnesia  and  0*6  gramme  of  anhydrous 
sodium  carbonate.  The  mixture  is  tapped  down  and 
covered  with  a  layer  of  about  half  a  gramme  of  magnesia. 

Jilaitk  cgU^Hation. — A  blank  determination  of  the 
Bulphur  in  the  weight  of  re-agenta  used  muat  be  made, 
and  the  JiaSO,  obtained  is  deducted  from  that  resulting 
from  the  analysis  of  the  coal. 

Dry  fusion. — Place  the  uncovered  dish  in  the  muffle 
at  a  moderate  red  heat  for  about  an  hour  till  the  coal  has 
burned  off  and  no  blacb  particlGs  of  coke  remain. 

Extracting. — When  cold,  the  di.sh  is  placed  in  a  20-oz. 
boaker  containing  80  cc.  of  boiling  water.  When  the 
mass  has  disintegrated  tho  dish  is  rinsed  with  hot  water 
and  removed.  The  contents  of  tho  covered  beaker  are 
digested  at  incipient  boiling  for  about  half-an-hour. 

Fractional  filtration. — The  solution  and  residue  are 
carefully  transferred  without  loss  to  a  120  ec.  graduated 
fiiisk,  and  when  cold  are  made  up  very  slightly  over  the 
mark,  thoroughly  mixed,  and  100  cc.  of  clear  solution, 
containing  the  sulphur  in  1  gramme  of  coal,  are  filtered 
off  through  a  dry  double  filter. 

Precipitating  the  sulphur. — The  100  co.  of  liquid  are 
washed  out  into  a  20-oz.  covered  beaker,  and  10  cc.  of 
bromine  water  and  afterwards  about  5  cc.  of  HC!  arc 
added.    The  liquid  is  brought  to  boiling,  and  10  cc.  of 
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10^  solation  of  BaCl^  are  poured  down  the  lip  of  the 
beaker.  The  boiling  is  continued  for  about  15  minutes, 
when  the  BaSOi  should  bo  granular,  and  not  so  liable  to 
pass  through  the  filter-paper  as  when  precipitated  cold. 
It  is  allowed  to  settle  somewhat,  is  collected  on  a  90  mm. 
pure  paper,  washed,  dried,  ignited,  and  weighed  with 
the  precautions  given  on  p.  109  el.  seq.  The  corrected 
weight  obtained  multiplied  by  13-7  =  %  8. 


TIteorctical  Considerations.  1 

The  sulphur  in  coaL  is  known  to  exist  in  at  least  two 
forms,  namely,  as  SO3  in  the  metallic  sulphates  constitut- 
ing several  units  per  cent,  of  the  inorganic  ash,  and  in 
brassy  scales  and  particles  of  iron  pyrites  FeS^. 

In  the  foregoing  analysis,  both  forms  of  sulphur  are 
converted  mainly  into  the  soluble  sulphates  of  magnesium 
and  sodium;  small  quantities  of  the  sulphides  of  tboso 
metals  may  also  be  formed.  The  latter  are  converted  into 
sulphates  by  the  oxidizing  action  of  the  bromine  water 
added  to  the  extract  from  the  fusion. 


Determination  of  Ash.  H 

2  grammes  of  the  powdered  coal  arc  placed  in  a  tared 
platinum  crucible,  the  weighed  cover  being  left  in  the 
balance-case.  The  organic  constituents  of  the  coal  are 
burnt  off  in  the  muffle  vory  cautiously  at  first,  till  the  ash 
is  free  from  dark  specks  of  coku.  Its  colour  may  be 
nearly  white,  red,  or  grey.  The  crucible  is  allowed  to  go 
quite  cold  y^^l^^ocator,  and  is  then  covered  and  re- 
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7  100  and     ^| 


weighed:  the  increase  in  weight  multiplied  by 
-r  2  =  %  ash. 

PrecauHon. — The  initial  heating  of  the  coal  must  be 
very  gentle  till  the  mineral  baa  coked,  otherwise  the 
violent  evolution  of  gas  may  carry  away  some  of  the  ash. 


Analysis  op  Coal  Ash. 

When  an  analysis  of  the  ash  of  coal  is  required  several 
grammes  must  bo  prepared  and  weighed  out  as  required, 
from  a  woU- stoppered  bottle.  The  various  constituents 
will  bo  seen  on  reference  to  the  analysis  given  on  p.  456. 
The  silica,  oside  of  iron,  alumina,  magnesia,  and  alkalies 
arc  determined  as  if  the  substauco  under  examination 
were  a  fire-clay.  The  SOj  is  determined  on  half  a  gramme 
of  ash  by  the  process  specified  on  p.  335  for  the  analysis 
of  the  insoluble  residue  from  iron  ores. 


I 


I 


Determination  of  PtO^. 

One  gramme  of  the  ash  is  fused  with  3  grammes  each 
of  a  mixture  of  sodic  and  potasaic  carbonates  free  from 
phosphorus:  the  fusion  is  extracted  in  HCl,  the  solution 
miide  slightly  alkaline  with  dilute  ammonia,  and  the  osids 
of  iron  and  alumina  are  filtered  off  and  slightly  washed. 
The  precipitate,  which  contains  the  whole  of  the  PjO^,  ia 
re-dissolved  either  in  strong  hydrochloric  acid  or  in  1'20 
nitric  acid,  and  the  solution  treated  in  accordance  with 
the  instructions  specified  for  tho  determination  of  phot 
phorus  in  steel. 
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Elembntaet  Analysis  op  Coal. 


ina^ 


I 


I 


Tbe  determinatioTi  of  the  percentago  of  carbon  and 
hydrogon  in  coal  ia  seldom  required  in  steol  works  prac- 
tice. The  analysis  is  made  by  the  process  described  for 
the  determination  of  combined  water  and  organic  carbon 
in  iron  ores  on  p.  313,  Exactly  0'2  gramme  of  the  coal 
13  weighed  out  into  a  porcelain  boat  for  the  analysis. 
The  increaao  of  weight  in  the  sulphuric  acid  bulb  multi- 
plied by  55*65  =  y^K,  The  increase  in  the  potash  and 
chloride  of  calcinm  tubes  x  136'35  =  %  C  when  precisely 
02  gramme  of  coal  ia  burnt:  water  containing  1 1'13%  H 
and  OOn,  27-27%  C. 


Analysis  op  Cokb  amd  Chaecoal, 

The  processes  just  described  for  coal  are  also  applicable 

to  coke  and  charcoal,' 


Analysis  of  PBOsncBB  Gases. 

Gaseous  fuel  as  employed  for  open-hearth  furnaces 
seldom  contains  more  than  40^  by  volume  of  combustible 
gases,  the  remainder  being  chiefly  nitrogen,  together 
with  a  few  units  per  cent,  of  00^  and  posaibly  traooa  of 
oxygen.  The  gases  useful  for  fuel  are  hydrogen,  carbonic 

'  In  eBlimaling  tlie  moistore  in  oliorcoal  the  latter  may  re[|iiire  n 
prolongeil  liciitbg  at  a  temperature  consulerably  over  100'.  li 
should  then  ^c  weighed  quickly,  ia  it  is  capable  in  n  danip  tiimn. 
Habere  of  absorliing  a  coiuiderablc  weight  of  m 
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oxide  CO,  and  marsh  gna  or  light  carburetted  hydrogen 
0K^.  A  small  amount  of  defiant  gaa  or  heavy  carbaretted 
hydrogen  O^S^  may  also  be  prsBont.  The  determination 
of  oxygon  and  O^iV,  is  hardly  necessary  for  practical 
purposes:  the  amount  of  the 
forraor  is  so  minute  and  the 
aoparate  determination  of  the  in- 
considerable percentago  of  the 
latter  uBoally  present  so  com- 
plicates the  analysis  as  to  render 
it  inadvisable.  Its  elements, 
moreover,  will  be  reported  as 
Off,  and  CO,  eo  making  an  in- 
upprecinblo  diSbrence  in  any 
calculation  of  the  calorific  in- 
tensity of  the  gas  made  on  the 
rcBult  of  the  analysis. 

The  Process. 
(Time  occupied,  about  1  hour.) 
Sampling. — This  operation  is 
carried  out  in  the  simple  appa- 
ratus sketched  in  Fig,  17.  a  is 
a  glass  cylinder  5  in.  long  by 
2  in.  dinmeter.    It  ia  about  one-  p       .^ 

third  filled  with  mercury.    In  it 

ia  placed  the  laboratory  vessel  b,  also  (by  suction)  filled 
with  mercury  right  up  to  the  end  of  the  capillary  tube 
above  the  tap,  tho  tatter  being  then  closed,  c  is  a  cork 
slightly  carbonized  outside,  fitting  the  sampling  aperture 
in  the  gas  main  and  carrying  a  glass  tube  and  piece  of 
thick-walled  india-rubber  tubing.    The  cork  is  inserted 


r 
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in  the  sampling  hole,  and  in  close  prodacers  a  finsh  of  gas  \ 
13  put  on  by  widely  opening  tho  steam  jots.  When  the 
gas  is  freely  iaauing  from  the  end  of  the  india-rnbber 
tubing  the  latter  is  slipped  over  the  capillary  tobe  of  the  J 
laboratory  vessel;  the  tap  is  opened,  tho  gas  drawn  iai 
till  the  vessel  is  about  half  full,  when  tho  tap  ia  closed,  F 
and  the  india-rubber  tubing  detached. 


Analyzmt/  the  Gas. 
(Method  1.) 

The  volumctrio   analysis  of  the  gas  is   conveniently 
made  in  the  apparatus  designed  for  this  purpose  by  Mr. 
J,  E.  Stoad,  which  is  essentially  that  sketched  in  Fig.  18. 
It  is  placed  in  a  large  square  tray  to  prevent  the  loss  of  ■ 
mercury  accidentally  spilled. 

MeasurtDg  off  a  definits  volume. — Over  the  capillary  I 
tube  of  the  laboratory  vessel  containing  the  gas  is  slipped! 
A  piece  of  thick-wallcd  india-rubber  tubing,  which  is  then  f 
filled  with  mercury. 

The  laboratory  vessel  and  its  capillary  attachments  up 
to  B  are  filled  with  KHO  solution  (1  in  3),  drawn  up  from 
the  cylinder  by  previously  filling  the  eudiometer  tubo 
with  mercury,  and  then  lowering  the  reservoir  H.  The 
tap  B  ia  then  quickly  closed. 

The  tap  a  ia  opened;  tho  reservoir  of  mercury  h  is 
raised  by  pulling  down  tho  weight  W  till  mercury  drips 
from  the  end  of  the  capillary  tube  at  C.  The  tap  is  then 
closed.  The  india-mbber  tubing  of  the  gaa  vessel  having 
been  firmly  slipped  over  c,  the  reservoir  M  is  lowered, 
the  tap  A  and  that  of  the  gas  vessel  are  nnitied,  and 


nbont  80  volumcB  of  gas  are  drawn  into  the  graduated 
eudiometer  tube  K,  Both  taps  arc  then  closed  and  the 
gas  vessel  detached.  Tbo  reservoir  u  is  next  carefully 
adjusted  till  the  levels  of  the  mercury  inenisca  in  the 
tubos  H  and  y  are  exactly  coincident  when  sighted 
across  tho  top  of  the  adjusting  level  l,  Carefully  note 
the  number  of  volumes  of  gas  in  the  eudiometer  (first 
reading). 

Mrst  absorption. — Raise  the  reservoir  u  and  open  the 
ptap  B  till  the  gas  has  passed  into  v,  and  mercury  drips 
jfaito  tbe  vessel;  then  close  the  tap.  Wliilst  the  potash  is 
absorbing  the  CO^  open  tho  tap  a,  till  mercury  drips 
from  c,  thus  sweeping  out  the  gas  in  tho  capillary  between 
K  and  a;  then  close  a.  In  five  minutes  m  is  lowered,  the 
tap  B  opened,  and  the  gas  is  transferred  back  to  E,  takiiig 
great  care  not  to  let  the  KHO  solution  get  past  b.  The 
levels  having  been  carcfnlly  adjusted,  the  reading  is 
again  Eoted  (second  reading). 

Firxt   explosion. — Introduce  from  a  glass  gas-holder 
containing  pure  oxygen   (prepared  from  KOIO^  and  well 
washed  through  caustic  soda)  about  30  volumes  of  the 
I,  being  very  careful  to  allow  the  oxygen  to  sweep  ont 

ll  the  air  in  the  india-rubber  tubing  from  the  gas-holdor 
before  attaching  it  to  c.  a  is  closed,  the  columns  are 
levelled,  and  tho  volume  noted  (third  reading).  From 
the  terminals  of  a  sufficiently  powerful  Ruhmkorff  coil 
VOrked    by    a   storage    cell,   pass  a  spark   through   the 

Utinam  wires  fused  in  at  the  top  of  the  tube  e.'    After 

I   If  the  spnrk  will  not  puss  some  KHO  solution  liut  prubAbl} 

0  tLe  tube,  and  tho  current  is  pMsiiig  round  the  glnw  in- 

1  of  across  the  spuk  terminnlB.    In  such  n  cue  return  tliB  ■ 

V  will  WBsb  ont  E  witli  dilute  HCl,  and  then  two  or  three  t 

h  difllilled  water.    Return  the  gas  to  b  when  the  apark  will  p 


_  was 
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the  eiploaion  temporarily  set  the  levels,  wait  till  the  faent 
produced  has  radiated,  and  the  reading  is  oonatant 
{fourth  reading). 

Second  absorption. — Pass  the  gas  as  before  into  v  for 
five  minutes,  return  to  b,  level  and  read  off  (fifth 
reading) . 

Second  explosion. — Next  introduce  from  a  gas-holder, 
with  the  same  precaution  as  in  the  case  of  oxygen,  about 
50  volumea  of  pure  hydrogen  (prepared  from  HCl  and 
re-distilled  zinc  free  from  carbon);  level  and  read  off 
(sixth  reading).  Again  explode,  cool,  and  note  the  Tolame^ 
(seventh  reading).  ^M 

Calculating  the  volumes. —  ^M 

III  reuling  =  a  — CuDtraction  alter  lit  nbsorpUnii , 

=  0  ^Contnwllon  ifler  lil  oiplodon.' 

^  ri^Contisctlnn  after  tEnilalnonitlmi. 
=  f  =Vii1mne  nltorSnil  abnorpUnn.  '" 
=/=ConHiiclJuiiafler!Dd«[  "    "" 


Volume  of  COa  =  n 

„        „    CO  =  i  (4rf  +  o+/>-4 
„        „       H=c+^/-b 

_  Example.  ^^^ 

Annljata  of  gas  entering  the  0)>eii-hcfirth  riiniaco,  Sheffield  E 
-reniit}'.    Producer  not  norkiug  sHtiafiieUirily. 
1st  Rending  67*5  vols. 
2ntl       „         81'0     „    <1 
3rd 
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Then:  — 

COa  = 

: 

6-5  volfl 

C0  = 

880  +  320  +  70-5 
3 

46 

=  63-5 

-46 

=  17-5 

»> 

H= 

=  32  +  23-5-46 

=  55-5 

-46 

=   9-5 

t» 

CH^  = 

=  46- 

22  +  32  +  70-5 
3 

=  46 

-41-5 

=   4-5 

»> 

N= 

73- 

70-5 
3 

=  73 

-23-5 

=  49-5 
87-6 

If 

Then  to  convert  volume  into  percentage. 


6-5  X  100 

87-5 
17  5  X  100 

87^6 
9-5  X  100 

87-5 
4-5  X  100 
87-5 
495  X  100 
87-6 


=  7-4  %  by  vol.  of  CO^ 


=  200    „ 


»> 


CO 


=  10-9   „         „        H 


=   51    „         „        CH, 


=  56-6    „         „        A- 


Considerations. 


The  reactions  involved  in  the  above  operations  are  as 
follow: 

The  OO2  present  is  absorbed  in  the  caustic  potash  with 
formation  of  AaOOs. 

On  exploding  the  remaining  gas  with  excess  of  oxygen 
the  nitrogen  remains  unaltered^  but  the  hydrogen^  car- 
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bonio  oxide,  and  marsh  gas  are  converted  into  gaseous 
carbon  dioxide  and  liquid  water,  thus: 


OH, 


2H  + 
00  + 
+   40 


00, 


Bfi 

u  VOL  (pnwtioUr) 

00, 

2Tals. 

2H,0 


I 


The  total  CO^  formed  is  absorbed  by  the  second 
ment  with  KSO. 

In  the  second  explosion  the  surplus  oxygen  is  COD' 
verted  into  water,  leaving  the  nitrogen  and  some  surplus 
hydrogen.  The  contraction  after  the  first  explosion  — 
(the  volume  of  hydrogen  +  ^  its  volume  of  oxygen)  + 
(oxygen  equivalent  to  ^  the  volume  of  (?0)+ (oxygen 
equivalent  to  twice  the  volume  of  OE^.  The  contraction 
after  the  second  absorption  =  (volume  of  00)  +  (volume 
of  CS^.  The  contraction  after  the  second  explosion  = 
(volume  of  surplus  oxygen)  +  (twice  its  volume  of 
hydrogen). 

The  various  volumes  measured  do  not  require  correct- 
ing for  variations  in  temperature,  pressure,  or  humidity, 
because  during  an  analysis  the  thermometer  and  baro- 
meter do  not  sensibly  alter,  and  the  gas  as  it  comes  from 
the  producer  and  throughout  the  analysis  may  be  re- 
garded as  having  n  constant  tension,  viz.  that  due  to 
uniform  saturation  with  aqueous  vapour. 

(If  it  is  desired  to  use  the  volumetric  analysis  of  the 
gas  for  calculating  its  theoretical  calorific  intensity,  pro- 
ceed in  accordance  with  the  instructions  and  examplsa 
given  in  the  Appendix  on  p.  449. 


Rapid  analytical  Valuation  of  Producer  Gas. 


If  rapidly  obtained  reaulta  sufficiently  near  tlte  truth 
to  form  a  guide  for  practical  working  are  desired,  the 
estimatioQ  of  the  OH^  may  bo  omitted,  its  elements  re- 
ported aa  CO  and  H,  and  the  nitrogen  by  difference. 

In  this  case  the  process  is  considerably  simplified, 
becoming  as  follows: 

(li  Measure  off  a  definite  bulk  (80  vols.)  of  the  gas  =  Ut  reading 
(2\  Absorb  tbc  CO^  iu  the  potash.   Vol.  aftenrardB  =  2nd     „ 
(3)  Add  about  30  vols,  of  oxjgen.   Vol.  afterwardu  =3rd     „ 
(i)  Kxplode  Uiegaxes.    Vol.  afterwards  (when  cold)  =  4th     „ 
(3)  Absorb  the  CO,  formed  In  potash.  Vol.  afterwards  =  5th     „ 
Let  (a)  =  Difference  between  1st  and  2ud  reading. 
„    (b)  =  Difference  between  3rd  and  4lh  reading. 
„    (c)  =  Difference  between  4th  and  6th  reading. 

Then—  


CO  = 


1(6- 


*) 


Precautions. — The  taps  of  the  gas  apparatus  should  bo 
slightly  smeared  with  vaaeltno,  and  great  care  should  be 
taken  not  to  lot  those  coming  into  contact  with  the 
caustic  potash  set  in  the  sockets;  otherwise  the  apparatus 
may  be  broken  in  attempts  to  loosen  them.  When  not  in 
frequent  use  the  taps  should  be  removed,  and  be  replacod 
for  the  time  being  by  corka  to  keep  dust  out  of  the 
capillaries. 

Notes. — An  experience  extending  over  many  yemn  kM 
led  the  authors  to  the  conclusioa  that  the  saaiym  of 
producer  gaa  as  obtained  in  the  Stead  appantea  ftmtfA 
bo  regarded  as  absolutely  accurate.    The  itam  tdikt  far- 


meastired  at  atmospheric  pressure  by  bringing  the  menia- 
ona  in  the  preeBure  tube  (Fig.  19,  p)  level  with  that  in 


FiQ.  19. 

burette.     The  apparatus  most  be   handled   by  tlie 
r  ooden  portions  only,  and  the  confining  liquid,  if  water, 
t  be  first  saturated  with  the  gas  to  bo  analyzed. 


ig.  19,  ww')  which  preserrea  the  contained  re-agent 

>m  atmoHpheric  action.  The  explosion  pipette  {Fig,  21) 
charged  with  mercury. 

Analyzing  the  Gas. 

Absorption  of  carbon  di-cadde. — The  re-agent  in  the 
tosaiam  hydrate  pipette  ia  caased  to  rise  to  a  mark 


tnbe  aad  op^ang  Ae  tap.  ' 
n-mgaat,  foCowic^  the  g*s, ! 
apflhry,  or  haa  dripped  thro> 
codnitaoiw  of  Huikui^.  A  co 
m  aOowed  for  the  dzaining 
bantte,  tad  the  nadinjf  i» 


Aa  irailiiim  befive  and  after 
of  eariKm-di-ozide  in  ttie  ori, 

AbMorptiom  of  oxygen. — ^1 
with  alkaliiio  pyrt^llBte  i 
mechaaical  working  are  esB< 
firat  abaorption.  The  diSere 
and  aftar  ihia  abaorptioD  givi 
cent  in  the  Tolame  ongiiiall} 

Ahtorpium  of  eari<m-mono 
•B  recorded  above.  If  two 
ahonld  be  a^teted  with  the 
the  fresher  one  for  three  mii 
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the  capillary)  closed  with  a  screw  clip.  The  mixture  is 
then  fired  by  sparking  with  a  Rhumkorf  coil,  returned 
to  the  burette,  and  after  cooling  measured.  The  carbon- 
di-oxido  formed  during  tho  explosion  is  then  measured 
by  absorption  in  the  potassium  hydrate  pipette. 

The  volume  of  car bon-di- oxide  found  after  explosion 
measures  the  volume  of  methane  originally  present  in  the 
sample.  The  volume  of  hydrogen  is  two-thirds  of  the 
difibrence  between  the  contraction  found  after  explosion 
and  twice  the  volume  of  methane  as  determined  above. 
The  volume  of  nitrogen  is  found  by  difference.  An  ab- 
sorption of  the  sorplus  oxygen  in  the  gas  residue  will 
serve  to  check  the  result. 

Apart  from  slight  experimental  errors  the  one  most 
I  likely  to  arise  ia  due  to  the  incomploto  absorption  of 
carbon-monoxide.  Any  volume  of  this  gas  not  absorbed 
by  the  cuprous  chloride  ro-agent  goes  forward  in  the 
analysis,  and  is  ultimately  registered  as  methane. 
Whether  the  absorption  has  been  complete  or  not  can 
be  determined  as  follows:  let  the  total  contraction  due 
to  the  explosion  and  the  subsequent  absorption  of  carbon- 
di-oxide  formed  =  C;  the  volume  of  oxygon  actually  used 
in  the  explosion  (i.e.,  the  volume  added  minus  the  volume 
found  with  the  nitrogen  residue)  =  O; 

Then  the  methane  originally  present  =  O  —  J  C, 
and  the  hydrogen         „  „      =  3^  —  20. 

If  these  estimations  so  made  agree  fairly  well  with  the 
previous  ones,  then  the  absorption  of  carbon-monoxide 
has  been  satisfactory.  Very  small  amounts  of  hydro- 
carbons other  than  methane  are  always  present,  and  the 
varying  products  formed  by  their  explosion  with  oxygen 
preclude  absolute  concordance  of  results. 


In  order  to  avoid  unnecessary  repetition  of  analytical 
details  already  fully  described  in  connection  with  iraa 
ores  and  refractory  materials,  the  authors  propose  with 
reference  to  slags  to  give  only  brief,  skeleton  instractions 
for  their  analysis.  Cinders  of  five  typical  constitutions 
will  bo  dealt  with,  which  may  be  divided  into  two 
classes — 

1.  Slags  insoluble  in  HOI,  and  which  therefore  require 
fusion  with  alkaline  carbonates  to  render  their  baaes 
soluble. 

2.  Slags  practically  soluble  in  strong  HOI. 
The  lirst  class  ineludoa — 

(a)  Blast  furnace  slags,  which  consist  of  a  neotral 
double  uilicatu  i>f  lime  and  alumina. 

Qi)  Finery  slag,  coneiating  essentially  of  ferrona  aili- 
cato. 

(fl)  .51ug  from  the  acid  Bessemer  process,  consisting 
of  a  double  silicate  of  the  protoxides  of  manganoae  and 
iron. 

The  second  class  comprises — 

(o)  Slag  from  the  basic  process,  consisting  chiefly  of 
basic  phosphate  of  lime. 

{b)  Tap  cinder  from  the  puddling  furnace,  consisting 
mainly  of  a  highly  basic  ailiwite  of  ferrous  and  fen-io 
oxides. 


^Sb 


SUyORIES 


Analysis  of  Blast  Furnace  Slag. 


SiOj. — Fuse  0*5  gramme  of  tho  finely-divided  slag 
with  a  mixture  of  2  grammes  each  of  Na^CO^  and  JQOOi,, 
and  O'S  gramme  of  KNO^  in  a  platinum  diBh.  Extract  in 
a  porcelain  dish  with  water,  evaporate  twice  to  dryness 
with  HOI  on  the  water-bath,  take  up  in  SOI  and  water, 
filter  off,  and  estimate  the  SiO^,  preserving  the  filtrate 
and  washings. 

A1,0^  and  Fs.jO^. — The  oxide  of  iron  and  alumina  are 
precipitated  in  the  filtrate  from  the  SiO^  in  a  bulk  of  200 
cc.  with  a  faint  excess  of  ammonia.  The  precipitate  is 
filtered  off  {the  filtrate  being  preserved),  re-disaolved  in 
ECl,  and  re -precipitated  with  ammonia.  The  precipitate 
is  collected,  washed,  dried,  ignited,  and  weighed  as 
{ieAl/)^  +  y  Fe.iP^),  the  second  filtrate  being  added  to 
that  from  the  first  precipitation. 

CaO  and  MgO. — The  double  filtrate  is  evaporated 
dowE,  and  in  it  the  lime  and  magnesia  are  estimated  as 
in  an  iron  ore  containing  a  considerable  percentage  of 
manganese. 

J^eO.— Fuse  3  grammes  of  the  slag  with  12  grammes 
each  of  K^COi  and  Na^OO^.  The  fusion  is  extracted  with 
HCI,  the  solution  evaporated  down  till  the  oxides  of  iron 
and  manganese  have  totally  dissolved,  and  is  then  boiled 
with  the  addition  of  1  cc,  of  strong  HNOy  The  liquid 
having  been  made  up  to  a  definite  volame,  ^ths,  corre- 
sponding to  2  "5  grammes  of  slag,  are  filtered  off.  The 
solution  is  neutralized  with  ammonia,  the  iron  precipitated 
with  ammonium  acetate,  filtered  off  (the  filtrate  and  wash- 
ing being  preserved),  re-dJBsolved  in  HCI,  neutralized, 
reduced,  and  titrated  with  tho  standard  bichromate  aoln- 


I 
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feO. — In  the  acid  filtrate  (and  washings)  from  tho 
silica  the  iron  is  precipitated  with  ammonia,  filtered  ofi*, 
redisaolved  in  HCl,  neutralized,  reduced,  and  titrated  as 
in  the  case  of  an  iron  ore.  The  number  of  co.a  required 
x\-2867  =  %FeO. 

MnO,  P^O^i  S. — The  manganoua  oxide,  phosphoric 
acid,  and  sulphur  are  estimated  in  the  manner  described 
for  the  analysis  of  blast-furnace  slag. 

CaO,  MgO. — 12  grammes  of  the  slag  are  fused  with 
10  grammes  of  fusion  mixture,  extracted,  evaporated,  and 
the  silica  is  separated  by  filtration  in  the  manner  described 
for  SiO^.  From  the  filtrate  the  oxide  of  iron  and  alumina 
are  twice  precipitated  with  ammonia,  and  in  the  evapor- 
ated double  filtrate  tho  lime  and  magnesia  are  determined 
as  usual,  the  manganesi'  being  separated  as  sulphide  in 
the  manner  described  on  p.  338,  and  the  CaO  and  MijO 
results  being  calculated  to  percentage  on  1  gramme. 

AI^O^. — The  precipitate  of  oxide  of  iron  and  alumina 
from  the  last  filtration  is  re-diaaolved  iu  BCl,  neutralized, 

(reduced,  and  tho  alumina  determined  as  phosphate  as  in 
the  case  of  an  iron  ore,  the  result  being  of  course  calcu- 
lated on  I  gramme, 


Acid  Bessemer  Slaij. 


SiO^.—Faso  0-5  gramme  of  the  finoly-dividod  llig 
with  3  grammes  each  of  -&CO3  and  Na.XJOs.  Tho  t<Utou 
is  extracted  in  HCl,  tho  silica  is  rendered  imwIuM*  hf 
evaporation  to  dryness,  and  is  determined  um  OMML 

MnO.— Tho  filtrate  (and  washings)  froin  tfw  ^ttC^  k 
saturated  with  bromine,  aud  the  maogniMM*  pnMVfMaMrf 
with  excess  of  ammonia.      The  prootpiM*  (•  0t4ini  »t, 


Analysis  of  Tap  Cinder. 

The  confltitnentB  of  thia  slag  are  determined  m  if  the 
'  material  under  examination  were  an  iron  ore.    If  iieco»- 
8ary,  the  ferrous  ojtide  uul   silica  maj  bo  c 
from  a  fasion  with  acid  potaanam  aolpbate. 


AncdffM  of  Bane  Stag. 

SiOf—l  gramme  of  the  &ae\y-dini»i  abg  m  iimtAw^A 
I  in  aqua  regia  and  eraporated  to  irjutm.  The  dry  mmm 
lia  re-diasolred  in  a  little  HCt  and  wat«r;  ibe  iaaoliibt« 
\  nlica  IB  filtered  off,  and  eatimatod  aa  n«ial. 

^A- — ^Hie  filtrate  and  waiUaga  from  tbe  fUif*  ar« 
evaporated  to  low  boUc,  exoaM  of  aooDOBia  ia  added,  tb0 
resnlting  precipitate  ta  ju^  r*-4iaw>lTad  is  ■troeg  BSOy 
The  liqaid  is  boiUd,  and  100  ee.  of  tb*  attrie  add  mIo- 
tion  of  ammomBm  moljrbdate  are  added.  Tb«  liqnd  it 
then  digeatediMuljr  at  boih^ttU  clear,  Tb«  yclkrw  pr»- 
dpitate  is  filteced  tM,  waabed  with  2%  flifOt  tiU  free 
from  iron,  etc.,  and  ia  re-duaolTed  is  smnooiai'  mom 
ammoniam  chloride  ia  alao  addad^  lad  tlw  Pfit  **  t^"" 
precipiuted  in  the  alroflglr  tmmomal  wlvtaeo  bjr  vumam 
of  msfcneaia  nnitnre,  aad  ia  fttiiMtH  ta  Ibe  a«Hl 


OaOaatdMjO.- 

1  ofO^S  gniBBM  of  tbe  rii«,  froH  whkb  lb* 
a  been  aepanted  bf  ntmioBefter  cmpcntiM  *" 
■  vitb  aqoa  regia.  Tbe  PA,  li/V  "^ '•Wi  **  J 


faoioa  af  tkb  ^  ifcM^  a*  M  ■! 
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Beparated  as  usuaI  by  doabla  precipitation  witli  ainmoi 
the  taaDganose  is  removed  as  Bulphido  by  fractioDal 
filtration  from  the  double  filtrate  from  the  f^iO^,  etc,  (see 
p.  338) .  In  the  g  fraction,  corresponding  to  0'5  gramma 
of  slag,  the  CaO  and  MgO  are  determined  as  usual  bj 
precipitation  as  oxalate  and  double  phosphate  respet^i 
ively. 

Al/}^. — The  alumina  is  determined  as  phosphate  from 
&S.CI  solution  of  \2  grammes  of  slag  by  tho  procesa 
described  for  iron  ores.  The  final  precipitate  may  be 
slightly  contaminated  with  QtjO^. 

FeO  and  Fe.X)y — -The  oxides  of  iron  are  determined 
as  in  the  case  of  an  iron  ore,  working,  however,  upon  2"5 
grammes  of  slag,  the  results  obtained  being  of  coi 
divided  by  five. 

MnO. — For  the  determination  of  theifnO  2^grammBa 
of  slag  are  dissolved  in  HCl,  evaporated  to  low  bulk,  and 
the  ECl  is  expelled  by  evaporation  with  sulphuric  acid, 
the  manganese  being  estimated  as  before  by  the  bia- 
inntbate  process. 

Sulphur. — The  sulphur  is  determined  exactly  ae  in 
case  of  steel  by  tho  aqua  regia  process.    That  existing 
calcium  sulphide  may  be  determined  by  the  volumetrifl' 
load  acetate  process  described  on  p.  117  et  eci 

CtO^. — Basic  open-hearth  slags  often  contain  one  or- 
two-tenths  ^  of  CrO^  derived  from  tbo  chromite  bricks 
used  as  an  isolating  course.  To  estimate  itj  4  graiumea 
of  the  slag  aro  dissolved  in  BCl; 
with  10  cc.  of  Bulphi 
strong  nitric  acid.  Tho  eolutioi 
of  iron,  aluminium,  obronunQr^ 
thrown  downbydi] 
The  precipitate  ia. 
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in  liot  dilute  snlplmiHc  acidj  1   in  4,  and  the  chrominm 
present  is  determined  by  one  of  the  volumetric  methods 

already  described. 


-N"  , 


Technical  Analysis  of  Boiler  Watbb. 
Solutions  required. 


Bolution  and  distilled  water,  placed  in  a  tall  cylinder,  and 
adjusted  till  the  hydrometer  indicates  its  sp.  gr.  to  be 
1-10;  the  solution  will  then  contain  abont  20%  of  true 
EOl.  Counterpoise  a  beaker  on  the  coarse  balance  and 
weigh  out  181  grammes  of  the  20%  acid;  transfer  with- 
out lo83  to  a  litre  flask,  dilute  to  the  mark  with  distilled 
water,  and  thoroughly  mis.  Ignite  in  a  platinum  dish  at 
a  moderate  heat  about  15  grammes  of  specially  selected 
pure  anhydrous  Nii,fiOs-  Cool  in  the  desiccator,  and 
weight  off  into  a  250  cc.  graduated  flask  exactly  13"25 
grammes  of  the  carbonate.  Dissolve  in  warm  distilled 
water,  and  when  cold  dilute  to  the  mark  and  thoroughly 
mix.  Measure  off  50  cc.  into  a  10-oz,  flask,  add  about 
half  a  cc,  of  a  strong  solution  of  methyl  orange,  and  from 
a  burette  run  in  the  normal  SCI  solution,  finally  drop  by 
drop,  till  the  methyl  orange  changes  to  a  much  deeper 
tint,  showing  the  alkali  to  be  just  neutralized.    Thu^— 

Na^COs  +  2  ECl  =  2  NaCl  +  CO.  +  E.O. 


If  the  ECl  solution  is  exactly  normal  just  50  cc.  will 
be  required,  but  probably  such  will  not  be  the  case,  and 
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it  must  be  adjusted  for  weakness  by  the  addition  of  I'LO 
acid,  or  for  strength  by  the  addition  of  distilled  water,iii 
accordance  with  the  principles  explained  on  p.  89  in 
connection  with  the  bichromate  aolutioDj  till  of  exact 
normal  strength. 

Dceinomial  NaHO  solution. — Weigh  ofFin  a  platinum 
dish  about  23  grammes  of  pare  caustic  soda  from  sodinm 
metal.  Transfer  to  a  conrenient  porcelain  dish,  and  dis- 
solve in  about  400  cc,  of  distilled  water.  When  coldj 
transfer  to  a  500  cc.  flask,  dilute  to  the  mark,  and 
thoronghly  mix.  Measure  off  60  cc.  into  a  porcelain  dish, 
and  add  a  few  drops  of  a  solution  of  phenol-phthalein  in 
dilute  alcohol,  then  run  in  the  normal  ECl  solution  till 
the  last  drop  from  the  burette  jast  discharges  the  pink 
colour.  If  the  aodic  hydrate  is  normal  just  60  cc,  of  acid 
will  bo  required.  Tho  soda  solution  will,  however,  prob- 
ably be  too  strong,  and  tho  number  of  oc.  of  distilled 
water  necessary  to  bring  it  to  normal  strength  are  cal- 
culated, added,  and  the  liquid  is  again  checked  with  HCI 
to  onsnre  its  exact  strength.   Thus— 

NuEO  +  HCI  =  NaCl  +  H.,0 
40  30-5 

The  alkaline  liquid  should  bo  preserved  in  a  green 
glass  bottle  provided  with  a  well-fitting  india-rubbor 
stopper,  and  it  is  covered  with  a  layer  of  pure  light 
petroleum  about  ^  in.  thick,  to  prevent  tho  absorption 
of  CO.^  from  the  air.  When  required  the  solution  is  with- 
drawn from  the  bottom  of  the  bottle  by  means  of  a 
pipette, 

The  solutions  thus  made  are  of  normal  strength.  For 
the  determination  of  the  hardness  of  boilor  water,  it  ia 
convenient  to  use  solutions  of  ono-tenth  the  strength,  bo 
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that  100  ce.  of  each  of  the  aljove  stock  aolutions  should 
be  diluted  to  1000  cc.  to  famish  det^inormal  aolutiona. 
There  will  alao  be  required  a  solutiou  of  Decinormal 
Sodium  Carbonate.  This  is  at  once  prepared  from  the 
pure  solid  after  ignition  by  diaaolving  5"3  grammes  in 
wator  and  making  the  liquid  up  to  one  litre  with  distilled 
water. 

Sampling. 

For  a  technical  anolysia  about  one  gallon  of  the  water 
to  be  examined  should  bo  coUooted  under  average  condi- 
tions in  a  clean,  dry,  stoppered  Winchester  quart.  Sus- 
pended matter  should  not  be  separated,  hut  before  with- 
drawing the  portions  of  the  aample  required  for  the 
various  detorminationa  the  bottle  should  be  thoroughly 
shaken. 


Determinations  of  Temporary  Hardness. 

(Hehner,  modified.) 

Measure  off  100  cc.  of  the  sample  into  a  clean  conical 

flask,  add  one  drop  only  of  a  strong  solution  of  methyl 

orange  from  a  dropping  bottle,  and  deliver  the  standard 

N 

—  acid  until  the  neotral  point  is  obtained,  or  until  diatinct 

acidity  ia  reached.  The  determination  of  the  exact  point 
depends  largely  upon  the  colour  sense  of  the  operator, 
but  this  difficulty  may  be  entirely  obviated  by  titrating 
100  cc,  of  pure  distilled  water  containiug  one  drop  of 
methyl  orange  to  the  aome  colour  (orange  or  pink),  as 
in  the  actual  determination.    The  amount  of  acid  thus 


Theoretical  Considerations. 

The  hardness  of  water  is  due  to  the  presence  of  dis- 
solved salts  of  calcium  and  magnesiuna.  Of  these,  the 
bicarbonates  are  precipitated  by  boiling  and  constitute 
what  ia  known  as  the  temporary  hardness. 

Tha  soluble  sulphates  (and  chlorides)  are  not  thus  preci- 
pitated by  simple  boiling,  and  the  softening  of  the  water 
mast  be  brought  about  in  other  ways.  By  titrating  a 
sample  of  the  water  with  dilute  acid  it  is  evident  that 
the  carbonates  only  will  be  acted  upon  so  that  tho  tem- 
porary hardneas  alone  ia  registered.  When  the  water  is 
boiled  with  an  excess  of  alkali,  the  soluble  sulphates  are 
converted  to  insoluble  carbonates  (and  hydrates)  and 
these  are  precipitated  along  with  the  temporary  hard- 
ness. The  titration  of  the  exceas  of  alkali  used  evidently 
measures  the  permanent  hardneaa.  In  Hehner's  original 
process,  sodium,  carbonate  alone  was  used,  and  it  was 
then  necessary  whenever  magnesium  salts  were  present 
not  only  to  boil  bat  to  evaporate  to  dryness  and  heat  tha 
residue  in  order  to  convert  the  magneaium  carbonate 
into  more  inaoluble  oxide.  By  adopting  the  modification 
described  above,  due  to  Pfeifer  and  "Wartha,  the  magne- 
sium is  precipitated  as  hydrate  along  with  the  calcium  as 
carbonate,  after  a  comparatively  short  boiling  and  much 
time  is  saved. 

A  large  excess  of  alkali  is  used  because  the  insolubility 
of  calcium  carbonate  in  solutions  containing  an  excess  of 
sodium  carbonate  and  correspondingly  of  magnesium 
hydrate   in  solutions  containing  an  excess    of  sodium 
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J 


bjdrata  is  greater  than  in  water  alooe,  or  in  wator  c 
only  foebiy  alkaiino   by   &  slight  excess  of  the  preci- 

pitantB, 

Occasionally  a  water  is  aabmitted  which  coataina 
sodium  carbonate,  and  which  posaesaea  therefore  no  per- 
manent hardness  because  this  is  decomposed  by  an  alka- 
line carbonate.  The  temporary  hardness  of  such  a  water 
will  bo  indicated  aa  more  than  it  really  is,  and  similarly 
the  amount  of  alkali  added  in  a  determination  of  the  per- 
manent hardness  would  be  found  by  titration  to  be  greater 
than  was  actually  introduced.  This  latter  difference,  de- 
ducted from  the  observed  temporary  hardness,  gives  tha 
corroct  temporary  hardness. 

Detervmiation  of  Toted  Solids. 

Clean,  gently  ignite,  cool  and  weigh  a  large  plati 
dish,  and  in  it  evaporate  to  dryness  on  the  water-batb 
carefully  measured  litre  of  the  sample,  introduced  ab{ 
50  cc,  at  a  time  as  the  water  evaporates.  The  litre-flasl 
well  rinsed  oat  with  as  little  distilled  water  as  possibl 
the  washings  are  added  to  the  dish,  and  the  whole  j 
taken  to  completo  dryness,  being  finally  heated  for  five 
minutoB  in  the  air-bath  at  1 10",  The  dish  is  allowed  to  go 
quite  cold  in  the  desiccator,  and  is  quickly  re-weighed., 
The  increase  =  grammes  of  total  solids  in  1  litre  i^j 
water :  this  multiplied  by  70  =  total  solids  in  grains  pe» 
gallon . 

DcUTminatwn  of  Fixed  Solkh. 

Place  the  dish  on  a  pipe-stem  triangle  supported  oni| 
tripod,  and  by  means  of  a  small  Bonaen  burner  get 


ignite  the  contenta  of  tte  dieh  till  the  volatile  organic 
matter  {together  poaaibly  with  nitrous  fnmea  resulting 
from  the  decomposition  of  nitrates)  haa  burnt  off.  When 
the  diah  ia  cold,  in  order  to  re-carbonate  any  lime  or 
magnesia  from  which  tho  CO..  has  been  driven  off,  satur- 
ate the  residue  with  a  few  drops  of  a  10^  solution  of 
pure  ammonium  carbonate.  Gently  dry  the  contenta  of 
the  diah,  and  finally  again  ignite  at  a  temperature  just 
sufficient  to  volatilize  the  ammonium  salts:  cool  and  re- 
weigh  dish.  The  increase  over  the  original  weight  or  the 
loss  from  the  second  weighing  givoa  the  fixed  solids  in 
grammes  per  litre. 

Calculation  of  Volatile  Solids. 

The  total  solids — the  fixed  solids  =  the  volatile  solids 
in  grammes  per  litre. 


Analysis  of  the  Fired  Besidue. 

CO^. — Transfer  about  one-third  of  the  residue  from  tl 
platinum  dish  into  tho  flask  of  the  apparatus  sketched  in 
Fig,  -]■,  and  determine  tho  CO^  in  the  manner  described 
for  iron  ores  on  p.  342.' 

SOj. — The  residue  remaining  in  the  dish,  the  weight 
of  which  must  bo  carefully  noted,  is  diasolved  by  heating 
with  a  little  moderately  dilute  HCl,  and  the  solution  is 
transferred,  being,  if  necessary,  filtered,  without  loss  into 
a  graduated  100  cc.  flask,  and  when  cold  ia  diluted  to 


'  Tlie  weighing  is  best  inaile  by  n 
after  tmnfifeiTUig  approximate! j  the  | 
tlie  loes  =  the  weight  token, 


Fcighing  tlie  platinuiD  dish 
rtiou  HpcutGetl  to  iLc  tlaak; 
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the  mark,  and  thoroughly  mixed.  Itisthen  divided  iot 
two  eqaal  portions  of  50  cc.  each.  In  one  the  iSO,  i 
determined  as  BaSO^  in  the  usual  manner  by  boiling  wit) 
an  excess  of  BaCl^. 

OaO  and  MgO. — In  the  other  50  cc.  of  solution  th 
lime  and  magnesia  are  precipitated  respectively  aa  oia 
late  and  double  phosphate  in  the  manner  described  fo 
iron  ores.  Any  iron  present  may  be  determined  in  th 
usual  manner  in  the  ammonia  precipitate  by  titratio' 
with  the  dilute  solution  of  Kfir.fi.,  specified  on  p.  368. 

Examjih. 
Annlfsis  of  a  sample  of  snmenliat  liard  river  watc 
Ynlume  taken  for  Bnaljsig  1000  cc. 
Weight  of  ilish  +  total  solids  =  5S  "6239 
Weight  of  ili8b  =  5S-4l90 


'2049  gramme  per  liM 

70  ^ 

Total  oolids  I4-3S30  grains  per  j 


Weight  of  dish  +  fixed  solid£  =  SS'40B7 
Weight  of  dish  =  53-4190 


=  13-2730 

=    1-064  grains  pir  gnllnn 


Anahjsis  of  ^ 
-  Weight  of  dish  +  Gxed  » 

After  Wkinp  portion  for  Ht 
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Weight  of  CO,  obUiued  0'0073  gramme. 
Then  if  0-0G35  jiold  0-0073 
0'I897     „  X 

■1897  X -0073 

x= =00211 

■0655  70 

r4770  grains  of  CO^  pur  giiUoo. 

■  1 897  -  '0655 
— WeigUt  taken  = =  01242  gramme. 

Weight  of  BaSOt  obtained  =  0-1 267  gnunme. 

■1267  X  34^3fl 
Then =00435  gnunmo  AOj, 


4QSS0  grains  SO^  per  galiot 


CaO.— Weight  taken  01242. 

Weight  of  CuO  obtained  =  00436  gra 
■1897x0436       „„„„ 


4^6620  grains  CaO  per  gallon. 

JUg-0.— Weight  token  0-1242  gramme. 

Weight  of  Afj'jPjO,  obUined  0-0103  gramme. 
0029  gramme  JtigO. 


0-0103  X  27 '03 


I 


■3080  grain  MgO  per  gallon. 


Iiesults-SO,-4'655- 


CaO -4 
MgO-(f30H_ 


grains  per  galiot 
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witbiii  tlic  limits  of  error  ciilcukle  out  t< 
CaSO^-1 
CaCO,-2-506| 
MgCOf  -  0'e47  }  fe'rainB  per  {■alloii. 

110 


I 


Thus  out  of  about  13  graina  of  fised  solids  per  gallon 
of  water  11  graina  consisted  of  a  mixture  of  sulphato  of 
lime  and  the  carbonates  of  lime  and  magnesia;  all  com- 
pounds certain  to  deposit  crust  or  scale  on  the  plates  of 
the  boiler  in  which  such  water  is  used. 

Determination  of  Chlorine.  I 

Chlorides  in  moderate  quantities  are  not  objectionablB 
in  boiler  water.  Their  determination  is  therefore  seldom 
necessary.  If  required  they  are  easily  estimated  and  re- 
ported in  terms  of  NaCl  by  the  process  described  for  the 
alkalies  in  fireclays  on  p.  376.  In  the  present  case, 
however,  the  standard  solution  of  nitrate  of  silver  is  made 
by  dissolving  r71I  grammes  of  the  pure  dry  neutral 
salt  in  500  cc,  of  distilled  water. 

Then  working  in  a  small  porcelain  dish  on  50  cc.  of 
the  sample  of  water  to  be  tested,  each  cc,  used  corre- 
sponds to  1  grain  Gl  per  gallon  of  water.  The  graina  of 
chlorine  multiplied  by  1'6479  equal  graina  of  NaGl  per 
gallon. 

OF  Bbass. 


Determination  uf  Tiii. 


Weigh  off  3 
a  20-oz.  beaker. 


Heat  gently  until  the  alloy  is  decomposed  and  then  evapor- 
ate qnickly  to  very  low  bulk.  Add  10  cc.  nitric  acid  of  the 
eamo  strength  and  again  evaporate.  Dilute  with  water 
up  to  50  cc,  boil,  allow  to  settle,  and  filter  off  the  oside 
of  tin,  Wash  with  water  containing  a  few  drops  of  nitric 
acid,  dry,  ignite  in  a  porcelain  crncible  and  weigh  the 

SnO^y  0-7 87= 'Tin. 

The  residue  thus  obtained  may  without  sensible  error 
be  treated  as  pure  stannic  oxide  in  the  case  of  brass, 
which  containa  usually  a  smali  amount  of  tin.  If  more 
than  2^  of  this  metal  is  found,  however,  a  further  exa- 
mination of  it  must  be  made  iu  the  manner  described 
under  the  analysis  of  bronze. 


Determination  of  Lead. 

The  filtrate  and  wftshiugs  from  the  etannic  oxide,  col- 
lected in  a  20-oz.  beaker,  are  treated  with  about  10  cc.  of 
strong  sulphuric  acid  and  the  mixture  is  evaporated 
until  it  evolves  copious  fumea  of  sulphur  trioxide.  After 
allowing  to  cool  somewhat,  dilate  up  to  about  50  cc. 
with  water  and  warm  until  the  anhydrous  copper  sulphate 
passes  into  solution  leaving  a  small  but  heavy  fine  residue 
of  lead  sulphate.  Proceed  to  filter  into  a  300  cc.  flaak, 
and  during  the  process,  disturb  the  residue  as  little  as 
possible.  Wash  it  by  decantation  with  water  containing 
one  part  of  sulphuric  acid  in  every  six,  using  small  quan- 
tities at  a  time  and  as  small  a  total  amount  as  possible. 
Reserve  the  filtrate  for  the  copper  and  zinc  determina- 
tions.   The  filter  paper,  containing  only 


uilligrams     ^^| 
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A  ^a 


of  tho  lead  aulphato,  is  removod  from  the  funnel  I 
placed  in  a  clean  beaker  with  10  cc.  of  ammonium  acetate 
and  the  solution  boiled.  The  hot  liquid  is  strained  oB 
through  a  very  small  filter  and  caught  in  the  20-oz. 
beaker,  containing  the  greater  part  of  the  lead  sulphate, 
which  dissolves  almost  at  once  in  the  ammomnm  acetate. 
Another  5  to  10  cc.  of  hot  ammonium  acetate  are  used 
for  washing  the  two  filters  once  more  and  the  combined 
liquids  heated  to  boiling.  To  the  hot  solution  add  one 
or  two  grammes  of  ammonium  chloride,  5  cc.  of  acetic 
acid,  and  an  excess  of  clear  neutral  ammonium  molybdate 
solution.  Heat  to  boiling,  filter,  wash,  etc.  The  lead  13 
precipitated  aa  molybdateand  weighed. 


P6J/oO,x06G4=Lead. 


Determination  of  Copper. 


I 


The  filtrate  in  the  300  cc.  flask  is  coolod,  dilated  to 
the  mark,  mixed  well,  and  two  sepai'ate  50  oc.  rempm 
by  a  pipette  for  the  copper  tietermi nation  by  the  t<jk 
in  methods. 

(I)   Make  tho  GolutioaJi 
again  with  ucotic  acid> 

slum  iodido  oryeUla  a 

phate  BoliitiLin   (24-8  (jr? 
f  litre)  as  previiniM 
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brnas,  add  20  cc.  of  a  aatnrated  aolutioa  of  sulphurous 
acid,  and  about  2  grammes  of  ammomum  thiocyaaate 
dissolved  m  10  cc.  of  water.  Boil  and  allow  the  white 
precipitate  of  cuproas  thiocyanate  to  settle. 

The  clear  anpernatant  liquid  is  poured  through  a  har- 
dened filter  paper  and  the  precipitate  washed  several 
times  by  decantatiou  with  water  containing  a  smalt  quan- 
tity of  sulphurous  acid.  The  filter  paper  is  opened  out 
over  a  cover  glass  and  tho  small  quantity  of  precipitate 
on  it  washed  into  a  weighed  porcelain  dish  with  a  fine  jet 
of  water.  The  main  bulk  ia  then  rinsed  from  the  beaker 
into  tho  dish  and  the  liquid  evaporated  to  dryness  on  tho 
water  bath  and  weighed.  The  precipitate  is  hygro- 
scopic. 

Cu^[SGN)^  X  52-1  =  Copper  %  on  1  gramme. 

The  result  obtained  by  this  gravimetric  process  should 
confirm  that  obtained  by  the  volumetric  method.  Aa  a 
further  check,  the  cuprous  thiocyanate  may  be  assayed 
for  copper  very  rapidly  aa  follows.  Decompose  it  with 
1'20  nitric  acid  very  carefully  to  prevent  loss  by  the 
violent  action  which  sets  in.  Boil  well  to  expel  hydro- 
cyanic acid,  etc.,  and  treat  the  pale  blue  cuprio  nitrate 
which  remains,  exactly  as  previously  described,  by  the 
iodo  me  trie- thio  sulphate  process. 


I 


Determination  of  Zinc. 

The  remainder  of  the  filtrate  from  the  lead  determina- 

tion,repre3enting  1'8  grammes  of  the  brass, ia  emptied  from 

the  300  cc.  flask  into  a  20-oz.  boaker,  50  cc,  of  a  satur- 

L  ated  solution  of  sulphurous  acid  added,  and  then  about 


o  ofBl  ad|ft^ntted  hjJujjgw^  aerersl  ce.  of 
Mtek  aid  •ddel.  Ml  A*  fi^  Mde  slnM«lf  alkaUoe 
<rilfc  iwnwi.  After  iftVitiigferwrnetMie  the  preci- 
fhatai  fame  hjdnte  it  Stand  a^  waAed  well,  i^ted 
aad  wdebed  m  tkfi^  1W  — — — i*^*  filtnte  coo- 
ttim^  BOW  ike  me  aaij  bum  l-Sgnmrnes  of  ihe  brass 
u  made  qi  to  a  iinlaUe  rolnme,  and  one-tliird  or  one- 
hatf  of  tiw  total  aaed  for  tbe  sac  dct^mimation.  Make 
the  BolotioD  freely  acid  with  hfdrocUoric  acid,  tfaen  alka- 
lioe  again  with  amraotna,  and  finalljr,  by  using  diluted 
acid,  verj  feebly  acid  again,  as  indicated  by  a  spot  teat 
OD  litmus  paper.  (In  this  way,  a  considerable  amount 
of  ammonium  chloride  baa  been  generated  in  the  solu- 
tion, and  no  barm  is  done  by  adding  more  in  tbe  form 
of  the  pure  Holid.)  The  faintly  acid  liquid  is  heated 
uoariy  to  boiling,  and  a  eolation  of  ammoniom  phosphate 
oddud  with  Btirring.  llie  amount  of  thia  ro-agonb  added 
■hould  bo  liotweon  ten  and  twL'nty  times  the  amount  of 
sine  pruBont.  The  solution  is  stirred  continuously  until 
the  tlocculent  precipitate  of  zinc  plio^phato  suddenly  and 
■iHkingly  changes  to  a  heavy  crystiillino  procijiitate  of 
Hinc  ammonium  phoHphato.  On  removing  the  stirring 
rod  from  thu  low  olkaliuo  solution,  the  double  phosphate 
at  onoo  aettlflt  to  tho  bottom  of  the  beakei-.    The  preoi- 
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pitate  is  filtered  off,  the  beaker  being  cleansed  from 
adhering  particles  by  using  the  filtered  mother  liquor 
with  the  policemaD,  washed  well,  and  ignited  along  with 
the  paper.  The  ignition  should  be  conducted  at  the 
mouth  of  the  mufHe  to  destroy  the  filter,  and  finally  at  a 
low  red  heat  until  the  residue  is  white.  It  conaiats  of 
zinc  pyrophosphate,  Zn^PM^,  and  contains  42"55^  of 
zinc. 


Note. 

Except  for  very  exact  purposes,  tho  preliminary  opera- 
tions involved  in  tho  separation  of  arsenic  and  iron  from 
the  solution  can  be  omitted,  as  theae  occur  only  in  very 
small  amounts  in  brass.  In  such  a  case,  after  boiling  off 
the  excess  of  SO^  in  the  filtrate  from  the  cuprous  thio- 
cyanate,  generate  or  add  ammonium  chloride,  and  adjust 
the  solution  to  faint  acidity  before  adding  the 
phosphate. 


Minor  Constituents. 

Provision  has  beonmadein  the  foregoing  account  of  the 
analysis  of  brass  for  tho  determination  of  small  amounts 
of  lead,  tin,  and  iron.  The  first  two  of  theae,  if  desired, 
can  be  more  exactly  determined  by  using  a  much  larger 
weight  of  material,  say  10  grammes,  operating  in  exactly 
the  same  way.  Tho  iron  is  more  quickly  determined  on 
10  grammes  of  tho  material  by  dissolving  in  1'20  nitric 
acid,  filtering  from  stannic  oxide,  diluting  largely,  add- 
ing a  large  quantity  of  ammonium  cldoride,  and  finally 
making  alkahne   with   ammonia.     After    digestion,  the 


I 
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precipitated  ferric  hydrate  containing  some  copper  and 
zinc  is  filtered  out,  washed,  redisaolved  in  hydrochloric 
acid  and  re-precipitated  as  pure  ferric  hydrate  by  means 
of  ammonia. 

Sulphur  is  determined  exactly  as  in  steel  by  the  gravi- 
metric process. 

Arsenic,  if  present,  may  be  determined  as  follows: 

To  5  granimea  of  the  drillings,  contained  in  a  20-oa. 
beaker,  add  about  O'l  gramme  of  bar  iron  and  50  cc.  of 
1'20  nitric  acid.  Evaporate  to  low  bulk  and  dilute  up  to 
250  cc.  Now  add,  a  little  at  a  time  with  stirring,  solid 
sodium  bicarbonate  until  the  free  acid  is  neutralized  and 
a  permanent  precipitate  of  a  dirty  green  colour  is  ob- 
tained. In  this  way  most  of  the  copper  remains  in  solu- 
tion, but  some  is  incorporated  with  the  precipitate  con- 
taining the  iron  and  the  whole  of  the  arBenic  {and 
antimony} .  When  the  precipitate  has  settled  completely, 
decant  the  clear  liquid  through  a  small  asbestos  filter  and 
wash  the  precipitate  by  decantation  repeatedly. 

The  asbestos  filter  is  then  placed  bodily  in  a  beaker 
with  20  cc.  of  strong  hydrochloric  acid,  stirred  well,  and 
the  acid  strained  off  into  the  beaker  containing  the  main 
precipitate.  The  solution  is  then  filtered  from  insoluble 
matter  through  asbestos  and  washed  withstrong  acid.  The 
filtrate,  without  dilation,  is  treated  with  a  slight  oxcesd 
of  stannous  chloride  solution  to  reduce  the  iron,  and 
saturated  in  the  cold  with  sulphuretted  hydrogen.  In 
such  a  strongly  acid  solution,  the  arsenic  is  completely 
precipitated  as  sulphide  without  serious  contamination 
with  tin,  copper  (and  antimony).  The  arsenic  sulphide 
is  filtemd  through  asbestosj  washed  well  with  strong 
hydrochloric  acid  saturated  with  sulphuretted  hydrogen, 
and  finally  with  water.     The  abestos  filter  is  then  boiled 


with  a  large  rolame  of  distilled  water  and  the  arseaio 
determined  exactly  as  deecribed  tinder  the  analysis  of 
steel  for  this  element. 


I 


I 


Anali/sis  of  Bronze. 

The  analyeia  of  this  alloy  dooa  not  differ  much  from 
that  of  braee,  except  in  respect  of  tho  fact  alreftily  nion- 
tioned,  viz.,  the  stannic  oxide  residno  is  impure.  Tho 
imparities  consist  of  small  quantities  of  eoppnr,  Imd 
and  iron,  together  with  all  the  phosphorus  from  aiioh 
alloys  aa  phosphor  bronze. 

After  filtering  off  and  washing  tho  impun>  ttkniiio 
oxide  from  one  gramme  of  tho  alloy,  dry,  and  ignilo  iu 
a  porcelain  crucible.  Mix  with  a  Ui-ko  «*XOt>nii  (tiwlv* 
times  its  weight)  of  powdered  thimulnhatf  of  milium, 
adjust  the  )id  and  hont,  guntly  At  flrot,  07»r  n  hunacn 
flame.  When  tho  water  of  oryatitlliiMtion  han  I)ih»w  <*• 
pelled,  increase  tho  hoat  until  tliii  rnioiMp  (n  rv\  lii>l, 
and  the  flame  of  burning  mitphiir  •i|ipi<>ftra,  \Vhi>ti  i«Mld 
boil  out  well  with  wtttor  nml  fillor  oH'  frh«  ■wlphiilwi  of 
lead,  copper,  and  iran,  rotAiuing  tho  lUtmUt.  (The 
residue,  aftor  wnnhing,  ib  diMOlvm!  iu  nilrio  acid,  tha 
liquid  filtered  from  Nulphur,  and  the  ttoliition  added  to 
the  main  filtrrito  from  tlio  original  «(AHiiio  oxide  procipi- 
tato.)  Tho  nquoiniB  oxtruot  of  the  fViilou,  oonUi' 
tin,  is  made  slightly  ntni)  with  hyilitx'hloric  add, 

npoQ  the  tin  is  procipitnttn)   nhiinHt pl-trlj  ■■  ffUom 

stannic  sulphido.  Tlio  creoipilatioQ  is  f  iilii|4ti|j  hw 
passing  sutphurcttoil  hydrogen  for  a  sbort  (Smt  ami 
digesting.  Tho  precipitntod  stannic  ii  iiljiliMii  (rtfc  ggl, 
phur)  is  filtered  ofi'  aud  washed  weli.    It  m  ifcm  fcinl 
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and  ignited  in  a  weighed  and  covered  porcelain  crnoible. 
After  ignition  it  ia  moistened  with  the  strongest  nitric 
acid,  the  exceaa  cantioualy  removed,  and  the  residue 
again  strongly  ignited.  The  treatment  with  nitric  acid 
ia  repeated  ao  as  to  fully  convert  the  sulphide  to  oiide, 
in  which  form  it  ia  finally  weighed.  The  difforonce 
between  its  weight  and  that  of  the  original  precipitate 
gives  the  amount  of  imparities  associated  with  the 
latter. 

For  practical  purposes,  the  determination  of  tin  as 
thus  described  may  be  considerably  shortened.  After 
fusing  with  thioaulphate  and  extracting  with  water,  the 
sulphides  of  lead,  copper,  aud  iron  are  filtered  oS, 
washed,  dried,  ignited,  and  weighed.  The  weight  80 
obtained  is  then  deducted  from  that  of  the  original 
residne. 


Phosphor- Bronze.  ^H 

The  analysis  of  this  material  differs  from  that  of  ordin- 
ary bronze  in  respect  of  the  fact  that  an  examination  of 
the  insoluble  residue  from  an  opening  out  with  nitric 
acid  moat  be  made  for  phosphoric  acid,  which  is  present 
to  the  extent  of  the  whole  of  the  phosphorus  in  the  alloy. 
This  rarely  exceeds  two  per  cent. 

The  ignited  residue  of  stannic  oxide  is  mixed  in  the 
porcelain  crucible  with  six  times  its  weight  of  powdered 
potasaium  cyanide,  and  the  mixture  well  fused  at  a  good 
red  heat.  After  cooling,  tlie  mass  is  boiled  out  with 
water,  and  the  metallic  tin  filtered  off.  The  filtrate  is 
then  acidified  with  hydrochloric  acid,  the  liberated 
hydrocyanic  acid  expelled  by  boiling,  and  the  phos- 
phorus determined  ia  the   acid    solution  of  potassium 


» 


phosphate  by   any    anitable   method.     The   eolation  is 
especially  suitable  for  precipitation  aa  ammonium  mag- 


nesium arsenate. 


Analysis  of  White  Metal  Alloys. 

The  essential  conatitaents  of  these  alloys  are  lead, 
antimony,  and  tin.  Small  amounts  of  copper,  and  traces 
of  bismuth,  arsenic,  iron  and  zinc  are  nsnally  present. 


Determination  of  Lead,  Copper,  Zinc,  and  Iron. 

Weigh  off  one  gramme  of  the  alloy  into  a  small 
beaker,  add  arjua  regia  a  little  at  a  time  until  decomposi- 
tion iscomplete,  and  thenfromS  to  10  grammes  of  tartaric 
acid  dissotycd  in  wator.  (The  quantity  of  tartaric  acid  is 
conditioned  by  the  amount  of  antimony  present,  the  maxi- 
mnm  amount  specified  being  sufficient  for  alloys,  such  as 
type  metal,  containing  up  to  30  per  cent.)  Add  a  strong 
solution  of  pure  sodium  hydrate  until  alkaline,  and  then 
ponr  the  wholu  liquid  into  a  40-oz.  beaker  containing 
about  25  grammes  of  pure  sodium  hydrate  dissolved 
in  about  half  a  litre  of  water.  Heat  the  solution  to 
boiling,  and  pass  sulphuretted  hydrogen  through  it  until 
the  precipitated  sulphides  of  lead,  copper,  etc.,  flock  out. 
It  is  unnecessary  and  undesirable  to  pass  the  gas  to 
complete  saturation  of  the  solution.    Allow  to  settle  in  a 

kwarm  place,  decant  the  supernatant  liquid  through  » 
filter,  and  wash  well  by  decantation  with  a  dilute  solatioo 
of  sodium  sulphide  made  by  saturating  pure  caustic  Bud« 


A 
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solution  with  Bulpburetted  hydrogen.    Put  thefilterbwA  I 
into  the  beaker  containiDg  the  main  bulk  of  the  predpi-  1 
tate,  and  digest  all  with  20  cc,  of  nitric  acid.    Filter  off    i 
from    separated    sulphur  and  disintegratod  filter  paper 
and  wash  well.    The  filtrate,  collected  in  a  20-oz.  boBker, 
is  then  evaporated  to  low  bulk,  and  any  small  quantity  of 
stannic  oxide  filtered  out. 

As  a  general  rule,  no  such  filtration  is  required,  and 
the  liquid  is  treated  with  sulphuric  acid,  evaporated  to 
fumes,  and  the  lead  sulphate  determined  as  such  or  con- 
verted to  molybdate,  as  already  described.  The  filtrate 
from  the  lead  sulphate  is  treated  exactly  as  described 
under  the  analysis  of  brass  for  the  determination  of  the 
copper.  After  removing  copper,  only  traces  of  iron 
and  zinc  remain.  These  may  be  precipitated  together 
with  sodium  carbonate,  ignited  to  oxides,  and  the  iron 
determined  in  the  residue  volnmetrically  or  colorimetri- 
cally. 

Small  quantities  of  bismuth,  found  occasionally  in 
some  anti-friction  metala,  have  not  been  allowed  for  in 
the  foregoing  account.  For  the  determination  of  this 
clement  the  following  method  may  bo  applied  after  re- 
moving the  lead  sulphate.  Add  ammonia  till  alkaline, 
then  ammonium  carbonate  solution,  boil  and  filter.  Deter- 
mine the  copper  in  the  filtrate  by  the  iodide-thiosulphate 
method.  The  residue  contains  the  bismuth  with  traces 
of  iron.  The  detection  and  approximate  determination  of 
the  bismuth  can  be  made  by  dissolving  in  hydrochloric 
acid,  precipitating  the  bismuth  with  sulphuretted  hydro- 
gen, dissolving  in  nitric  acid,  concentrating  and  adding 
potassium  iodide.  Tho  yellow  colour  thus  obtained  is 
then  matched  by  the  addition  of  a  measured  amount  of  a 
standard  solution  of  bismuth  nitrate. 


p 
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Determination  of  Antimony  and  Tin. 

The  alkaline  filtrate  from  the  sulphides  of  lead,  copper, 
etc.,  contains  the  antimony  and  tin,  and  can  bo  need  for 
thoir  determination.  Time  is  perhaps  saved,  however,  if 
a  separate  amount  of  the  metal,  1'2  gramme,  is  opened 
out  as  before,  precipitated  with  aulphnretted  hydrogen, 
the  liquid  made  np  to  600  cc.  with  sodium  sulphide,  and 
600  cc.  filtered  off  through  a  dry  paper.  Transfer  the 
solution  to  a  30-oz.  registered  flask,  and  add,  a  little  at 
a  time  with  shaking,  hydrochloric  acid  until  the  solution 
is  acid.  Complete  the  precipitation  of  the  sulphides  by 
passing  sulphuretted  hydrogen  to  saturation,  and  allow 
to  digest  for  a  short  time  to  allow  the  precipitate  to 
settle.  Decant  the  clear  liquid  through  a  filter  paper, 
and  wash  the  precipitate  by  decantation  with  sulphuretted 
hydrogen  water  several  times.  Romovo  the  filter  paper, 
and  dissolve  from  it  the  traces  of  precipitate  in  hot 
hydrochloric  acid  and  a  crystal  of  potassium  chlorate. 
Strain  off  the  strongly  acid  solution  into  the  fiask  con- 
taining the  bulk  of  the  sulphides,  and  wash  the  paper 
with  more  acid,  adding  the  washings  to  the  main  pre- 
cipitate. Potassium  chlorate,  about  eight  grammes,  ia 
added,  and  the  liquid  heated  till  the  sulphides  pass  coiri- 
pletely  into  solution,  and  then  vigorously  boiled  down  to 
about  10  cc.  Dilute  with  250  cc.  of  a  hot  saturated 
solution  of  ozaho  acid,  and  whilst  boiling  pass  sul- 
phuretted hydrogen  through  the  liquid  for  half-an-hour, 
when  the  sulphide  of  antimony  is  completed  procipitatod 
iree  from  tin.  Filter,  wash  well  and  dry.  lietaia  f 
filtrate  and  washings  for  the  determination  of  tin. 
dried  filter  paper  with  its  precipitate  uf  antimoE 
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phido  and  froe  salphur  is  then  washed  soveral  times  wid 
small  quantities  of  carbon  bisulphide  to  disaolvo  out  I 
sulphur,  and  again  dried.  It  is  then  placed  bodily  in  f 
large  weighed  porcelain  crucible,  provided  with  a  lid,  i 
covered  with  strong  nitric  acid.  The  excess  of  the  latta 
after  the  vigorous  action  has  ceased,  is  then  cautioui 
removed  by  evaporation,  and  the  residue  finally  ignite 
at  low  redness.  The  sulphide  is  thus  converted  into  a 
weighed  as  tetroxide. 

8b,0^  X  -884  =  Antimony. 
The  determination  of  the  tin  in  the  filtrate  from  thcq 
antimony  sulphide  is,  in  the  case  of  anti-friction  alloys: 
containing  large  amounts  of  this  metal,  conveniently 
carried  out  on  a  fractional  part  only.  To  the  solatioa 
add  50  cc.  of  hydrochloric  acid  (or  a  large  excess)  and 
then  add  solid  permanganate,  a  little  at  a  time,  until  the 
oxalic  acid  is  all  decomposed  (care  must  be  taken  to 
prevent  loss  by  effervosconoo) .  The  corapleto  decompo- 
sition is  indicated  by  the  formation  of  a  persistent  pre- 
cipitate of  manganese  dioxide.  Clear  the  solution  by 
adding  a  few  cc.  of  a  solution  of  ferrous  sulphate,  and 
then  reprecipitate  the  tin  by  passing  sulpharettod  hydro- 
gen gas  through  the  hot  solution.  Collect  the  sulphide 
and  convert  to  oxide  in  a  weighed  porcelain  crucible,  aa 
previously  described. 


APPENDIX 


B  BPECIFIC  QRAFITY  OK  IHON  0 
BTEEL. 


Tut  metal  of  which  it  is  desired  to  find  tho  specific 
gravity  should  bo  in  the  form  of  a  turned  and  polished 
bar  about  2  in.  long  by  03  in  diameter,  which  will 
weigh  about  20  grammea,  and  is  of  convenient  aiao  to 
introduce  into  an  ordinary  50  cc,  specific  gravity  bottle. 
Tho  latter  is  filled  with  pure  distilled  water  at  a  tempera- 
ture of  15°  C,  which  should  also  be  the  temperature 
inside  the  batauce-case. 


The  Method.  I 

ftrst.— The  bar  of  steel,  after  lying  in  the  balanoe- 
case  for  some  little  time,  is  accurately  weighed. 

SecOMi?.— The  bottle  having  been  filled  with  the  water,: 
the  stopper  is  inserted,  and  the  whole  is  carefully  wipod' 
with  a  clean  soft  linen  handkerchief,  and  is  accurately: 
weighed . 

TAiVf^.—The  stopper  is  then  removed,  the  bar  of  steel 
cftutioualy  introduced,   taking  care   that  no  air-bubble« 
adhere  to  the  metal ;  the  stopper  is  replaced  and 
bottle  wiped  as  before.    The  weight  of  the  bottle,  wal 
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and  steel  is  tben  determined  j  the  result  is  oalculate 
follows : 

Lei  ■  =  Uie  apecUc  gmilLy  @  ll>'  C. 
..  I  ^  the  weight  ol  tlte  inulal  in  uli. 

„  y  -  ,.  .,    {boUlofuIlo(wBl«r)  +  (tb(!»oighlofllieal 

..I  -  „  .,    bottle,  waMr.  nacl  dwUU. 


Example. 


IioLUh  +  mitot 
bottle  +  walor  +  eUx 
Then  IBTVM  +  n-818U 
(battle  +  water  +  gtwl 

=  lO-JTM  grammes  <  = 

-  ti-rwt        '.'.      ( = 

-  8810B3 

jigLto 

wiite 

dleplued 
4  ^  HueciS 

BiaviwaiS-. 

Deteruimation  of  the  Cabbides  existing  in  Stxsl.  I 

(J.  O.  Arnold  and  A.  A.  Road.) 

To  estimate  the  carbide  of  Fe^O  or  double  carbides  of 
the  iron  with  manganeBe,  chromium,  etc.,  weighed 
polished  bara  of  the  steel  3  in.  long  by  ^-  in.  diameter  are 
galvanicallj  decomposed  (by  a  modification  of  the  method 
proposed  by  Binks  and  Weyl  for  the  estimation  of  carbon 
in  iron)  in  pure  dilute  SCI,  apecific  gravity  l"02j  in  the 
apparatus  sketched  in  Fig.  22.  The  40-oz.  beaker  a  con- 
taining the  dilute  acid  is  provided  with  a  porous  cell 
and  platinum  plate,  the  latter  being  attached  to  the  screw 
terminal  b,  which  ia  connected  with  a  zinc  pole  of  a  pair 
of  pint  Daniel  cellsj  well  charged  in  the  shelf  with  GuSO^  " 
cryBtals.  The  bar  is  suspended  at  the  pole  c,  2  in.  bein^ 
immersed  in  the  acid,  which  is  attached  to  the  copper 
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terminal  of  the  cells;  d  is  a  well-fitting  cardboard  diao  to 
prevent  any  copper  salt  (dissolved  from  the  binding 
screw  by  the  acid  fumes)  running  down  the  bar.  The 
jflircuithaving  been  completed  a  stream  of  ferrona  chloride 


^Bftgether  in  special  steels  with  the  chlorides  of  manga- 

^^BHe,  nickel,  etc.)  falls  through  the  liquid,  and  hjdrogen 

i        briakly  evolved  at  tlio  platinum  plate.    In  from  six  to 

'elve  hours  the  bar  is  removed,  and  if  it  contains  any 

Qaiderable  quantity  of  carbon  it  will  be  unaltered  in 


^P  aha 

H  acii 
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shape,  bat  dark  in  oolonr  [whore  it  was  iinmerBed  in  the 
acid),  with  &□  insoluble  rcaiduo  of  the  stable  carbides 
proaent.  The  latter  are  scraped  off  with  a  clean  btant 
penknife,  and  aro  collected  without  loss  on  a  small 
hardened  filter-paper,  the  bar  being  finally  well  cleaned 
with  a  policeman.  The  residual  metal  is  then  wiped, 
dried,  and  re-weighed,  the  ioas  indicating  the  weight 
taken  for  analysis.  The  carbide  residue  is  well  washed 
with  water  containing  a  very  little  sulphurous  acid,  then 
with  absolute  alcohol,  and  finally  with  pure  ether.  It  is 
then  as  far  as  possible  transferred  from  the  sproad-out 
filter-paper  to  a  weighed  porcelain  boat,  first  by  means  of 
a  penkuife,  and  then  with  a  fine  jet  of  ether,  (The  filter- 
paper  to  which  a  very  small  quantity  of  carbide  adheres 
is  burnt,  the  residual  oxide  weighed,  and  the  iron  in  it 
calculated  to  carbide  in  accordance  with  the  analysis  of 
the  main  quantity.)  The  porcelain  boat  containing  the 
carbide  and  ether  is  placed  over  strong  sulphuric  acid  in 
a  desiccator,  till  in  about  half-an-hour  the  ether  has 
evaporated.  The  carbide  is  then  dried  in  vaeuo  at  100'  C. 
for  two  houra.  This  operation  is  simply  carried  out  by 
boring  two  holes,  about  IJ  in.  diameter,  and  exactly 
opposite  each  other,  through  the  sides  and  near  the 
bottom  of  a  deep  water-bath.  Through  these  holes,  made 
water-tight  by  good  india-rubber  bungs,  ia  passed  a 
glass  tube  about  ^  in.  diameter  inside,  and  attached  at 
one  end  to  a  Sprenge!  pump,  being  closed  at  the  other 
by  means  of  an  india-rubber  bung  carrying  a  tap  and 
capillary  tube.  The  boat  containing  the  carbide  having 
been  inserted  ao  as  to  lie  in  the  middle  of  the  bath,  the 
tube  is  closed  and  the  pump  worked  till  a  vacuum  is 
obtained.  The  bath  is  then  charged  with  water  so  as  to 
well  cover  the  tube,  and  is  brought  to  boiling  by  means 
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of  a  Birnaen  barner.  After  about  two  hours,  daring 
which  the  action  of  the  pump  is  maintained,  the  lamp  is 
removed,  and  the  hot  water  taken  out  and  replaced  by 
cold.  When  the  tube  ia  cool  air  is  very  cautiously  ad- 
mitted through  the  capillary  tube;  the  boat  is  taken  out, 
cooled  in  the  desiccator,  and  re-weighed,  the  increase 
giving  the  weight  of  carbide.  The  amount  of  carbon 
present  ia  determined  by  strongly  igniting  the  boat  in  a 
porcelain  tube  containing  a  column  of  copper  oxide 
BcaloB,  the  00«  being  determined  as  in  an  estimation  of 
carbon  by  combostion  in  steel.  The  residual  oxide  of 
iron  ia  gently  dissolved  oat  of  the  boat  in  a  flask  con- 
taining strong  nearly  boiling  HOI,  is  neutralized  with 
ammonia,  redaced  with  sulphurous  acid,  acidified  with 
sulphuric  acid,  and  the  amount  of  iron  present  is  de- 
termined by  very  careful  titration  with  a  standard 
bichromate  solution  of  suitable  strength.  (Before  titrating 
great  care  must  be  taken  to  boil  off  every  trace  of  SO.i-) 

In  the  case  of  double  carbides  the  solution  of  the 
residue  is  divided  into  two  parts,  the  iron  being  deter- 
mined in  one  portion,  and  the  other  elements  in  the 
second  portion  by  the  ordinary  methods. 

The  carbon  in  the  carbide  obtained  may  equal  from 
70  to  96%  of  the  total  carbon  in  the  steel.  The  loss  ia 
due  to  the  formation  of  liquid  and  gaseous  hydro- 
carbons at  the  anode,  a  slight  evolution  of  gas  being 
almost  invariably  observed  from  the  bar,  Whether  the 
loss  is  due  to  a  very  partial  decomposition  of  the  normal 
carbide,  or  to  the  existence  of  a  readily  decomposed 
Bub-carbide,  ia  not  yet  certain,  but  the  evidence  estant 
favours  the  latter  view  (see  Journal  of  the  Chem,  Soc, 
August,  1894). 

The  carbide  obtained  from  steels  in  an  ordinary  eon- 
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The  foregoing  example  is  an  exceptionally  Batiafactory 
determination.  Tho  micro- section  of  the  steel  wben 
examined  at  600  diameters  revealed  the  fact  that  the 
carbide  had  very  beaatifully  crystallized  ont  in  innumer- 
able definite  and  well-formed  plates. 


I 


DETBEinHATIOM  Off  TOB  EVAPORATIVB  POWSK  OP  CoAL. 

(Method  I.    The  Lewis  Thompson  Calorimeter.) 


The  evaporative  power  of  coal  may  bo  approximately 
determined  in  the  laboratory  by  means  of  the  apparatus 
shown  in  section  in  Fig.  23.  This  calorimeter  consists 
of  a  capacious  glass  cylinder  marked  to  contain  when 
about  two-thirds  full  of  water  at  tJO"  F.,  29010  grains;  a 
copper  tube  or  furnace  Btting  into  a  recess  in  a  perforated 
stand,  over  the  spring  clips  of  which  fits  the  combustioa 
chamber,  the  latter  consisting  of  a  copper  cylinder  per- 
forated round  the  edge  of  the  open  bottom  end,  and 
having  a  long  pipe  provided  with  a  stop-cock  at  the 
closed  top  end.  There  is  also  a  suitable  thermometer  for 
reading  off  tho  temperatures  to  J,  of  a  degree^  P.  With 
tho  apparatus  is  also  supplied  a  second  broad  shallow 
rarnacg  tube  for  burning  coke  or  anthracite  coal.  The 
Ixture  used  for  burning  the  fnel  is  composed  of  3  parts 
f  weight  of  pure  KOIO^  and  1  part  by  weight  of  pure 
VOg,  both  salts  being  very  finely  divided,  intimately 
1  dried  at  1 00"  C.  before  using.  Of  this  mix- 
I  ordinary  coal  requires  300  grains,  but  coke  and 
cito  coal  require  300  grains  to  completely  burn  30 
s  of  the  very  finely-divided  fuel  dried  at  100"  C. 
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The  Process. 

The  30  grains  of  dry  coal  and  tho  300  grains  of  dry 
combustion  mixture  are  very  intimately  incorporated  by 
means  of  a  clean  palate  knife  on  a  sheet  of  stout  glazed 
paper.  Tho  mass  is  transferred  without  loss  to  the 
copper  furnace  tube.  After  gently  tapping  the  mixture 
down,  a  little  hole  about  half-an-inch  deep  is  made  in  it 
with  a  pointed  wire,  and  into  the  cavity  ia  inserted  a 
little  piece  of  rolled-up  fuse  (made  by  soaking  strands 
of  cotton  wick  in  a  solution  of  KNO^,^  and  allowing  them 
to  dry  spontaneously)  about  one  inch  long,  the  mixture 
being  packed  round  the  fuse  so  that  it  (the  fuse)  projects 
about  half-an-inch  above  the  surface.  The  furnace  tube 
is  placed  in  the  recess  of  the  base-piece,  the  fuse  is 
carefully  ignited  with  a  taper,  and  the  combustion 
chamber,  the  tap  of  which  must  be  shut,  ia  quickly  forced 
over  the  springs,  and  the  whole  is  lowered  into  the  glass 
cylinder  previously  accurately  filled  to  the  mark  with 
water,  the  temperature  of  which  was  accurately  noted. 
As  soon  as  the  fuse  fires  the  combustible  mixture,  the 
elements  of  the  coal  are  burnt  to  water  and  carbon  di- 
oxide by  tho  oxygen  contained  in  the  chlorate  and 
nitrate  of  potash.  The  steam  formed  is  condensed,  but 
the  OO2  and  excess  of  oxygen  violently  bubble  through 
the  water,  which  absorbs  their  heat.  The  gaaea  leave 
the  water  in  the  form  of  copious  white  fumes,  due  to  the 
presence  of  finely-divided  alkabno  salts  in  a  peculiar 
physical  condition  in  which  they  escape  being  dissolved 
by  the  water.  As  soon  as  the  combustion  ia  over,  the 
Btop-cock  is  opened  to  allow  the  water  to  rise  into  the 
'   Lead  uitrate  is  perhaps  better  atiU. 
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combastion  chamber  so  as  to  take  up  the  heat  from  the 
furoaoe  tnbe.  The  thermometer  is  then  put  back  into 
the  cylinder,  and  the  copper  portion  of  the  apparatus  is 
bodily  raised  and  lowered  in  the  water  two  or  three 
times  HO  as  to  render  the  temperature  of  the  mass  eves 
throughout ;  the  reading  of  the  thermometer  is  then 
noted. 

Example, 

30  grains  of  a  sample  of  coal  suitable  for  making 
ordinary  producer  gas  were  intimately  mixed  with  225 
grains  of  KOIO^  and  75  grains  of  KNO-^,  and  burnt  aa 
jnst  described.  ^^ 

Temperatureofwateraftercombustion  70°'6  ^^| 

before  SS'-^  ^H 

Difference  12-2  " 

+  10%      1-22 

One  pound  of  coal  evaporates  13*42  lbs,  water. 

That  is  to  say,  I  lb.  of  coal  converts  13'4  Iba.  of 
water  at  a  temperature  of  212'  F.  into  steam. 

The  10%  added  to  the  actual  reading  is  a  correction, 
for  the  heat  absorbed  by  the  apparatus,  which  is  set  to 
this  standard  amount  by  the  maker  of  the  instrument, 


Theoretical  Considerations, 


The  capacity  of  the  water  cylinder  is  act  in  torma 
the  weight  of  fuel  used  and  the  latent  heat  of  steal 
thus,  the  latent  heat  of  steam  in  British  units  is  967, 
and   967x30  =  29,010.     In  other  words,  each  grain  of 


I 

6771 


l^h 


I 
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fael  burnt  has  ready  967  grains  of  water  to  absorb  the 
heat  it  has  produced.  In  the  example  given,  1  part  by 
weight  of  fael  has  heated  967  parts  by  weight  of  water 
ISi"  F.,  which  is  equivalent  to  converting  13"4  Iba.  of 
water  at  212'  into  steam  at  212°. 


I 


{Method  II,     Mahler's  modification  of  Berthelot's 
Bomb  Calorimeter.) 

Description  of  the  Apparatus. 

This  consieta  essentially  of  (1)  The  bomb  (b,  Fig.  24) 
made  of  high  quality  mild  steel  lined  internally  with 
enamel  and  plated  externally  with  nickel.  The  walla  are 
8  mm.  thick,  and  the  cubic  capacity  ie  approximately 
650  cc,  The  closing  of  the  bomb  is  effected  by  a  screw 
stopper  with  a  fine  thread,  and  pressing  on  a  leaden 
washer.  The  stopper  carries  a  pointed  screw  top  to  shut 
off  the  oxygen  supply,  and  it  is  traveraed  by  an  insu- 
lated platinum  electrode,  the  latter  being  continued  to 
the  point  at  which  ignition  of  the  fuel  is  made  by  the 
platinum  rod  £.  A  similar  rod  fixed  to  the  stopper 
carries  the  capsule  c  in  which  the  fuel  is  placed.  The 
ignition  is  effected  by  connecting  the  electrodes  by 
means  of  a  short  length  of  very  fine  iron  wire,  f,  which  ia 
readily  brought  to  incandescence  on  passing  the  current 
from  the  bichromate  battery,  p.  (2)  The  calorimeter, 
D,  which  is  made  of  brass.  (3)  An  isolating  envelope, 
A,  which  conaists  of  a  hollow  casing  filled  with  water, 
and  covered  externally  with  felting,  (a)  A  nickel-plated 
agitator,  e,  with  the  necessary  aupportiag  and 
ment  fittings,      (6)    An   oxygen  cylinder  with  fitlinga, 


Will 
III 


and   a   pressare  gauge  attachment,       (6)    Three   ther- 
mometers reading  to  0"01°  C.  for  Qse  at  varying  atmo- 1 
spheric  temporatures. 


The  Process, 

Weigh  one  gramme  of  tho  fuel  into  the  capsule,  adjust  ' 
the  fine  iron  wire,   place   tho  stopper  in   position  and 
Bcrew  up  tightly,  using  the  spanner  and  clamp.    Attach 
to  the   manometer  tube,  and  after  screwing  down  the 
manometer   valve  connect  with    the   oxygen  cylinder. 
Open  the  pin-valve  in  tho  stopper  an  exact  half  turn, 
then  open  the  osygen  supply  and  control  the  admisaion 
by  means  of  the  manometer  valve   until  a  pressure  of 
25  atmospheres  is  attained.    Close  the  valves  in  the  fol-  f 
lowing  order:    (1)    manometer  valve ;   (2)  oxygen  cylin- 
der; and  (3}  pin  valve  in  stopper.     Detach  tho  bomb  1 
and  place  it  in  the  calorimeter  oontaining  2,200  oo.  of  1 
water,  and  then  adjust  the  agitator  and  thermoiiieter. 
Agitate  the  water,  noting  the  temperature  at  intorvall  | 
of  a  minote.    (This  is  continued  for  sovoral  minutes  if  th«  I 
water  is  initially  at  a  lower  temperature  than  thti  rootn  I 
in  order  to  determine  the  rata  of  increase.)     ConnMt  one  | 
electrode  from  tho  battery  to  the  raisotl  platinum  oleo- 
trode,  and  touch  the  shell  or  stopper  with  tho  other  in  I 
order  to  explode.    Note  the  temperaturo  at  one  minute  f 
intervals  until  a  maximum  is  reached,  and  thon   for  I 
further  equal  period  in  order  to  dotenuine  tho  rate  of  1 
decrease.   The  agitation  is  regularly  m>iiDttiined  through- 
out.    After  the  experiment  removo  tho  bomb  from  the 
water  and  cautiously  open  tho  pin-valve,  so  a 
the  gases  to  escape  before  opening  the  bomb. 


3  to  allow 


48  STEEL   WORKS  ANALYSIS 

Exaviple. — One  gramme  of  "  Clowne  cobbles.' 


Tin 

«. 

Tsmpemtora 

MlD, 

8.C. 

0 

0 

20-28'  C. 

1 

0 

20-28 

2 

0 

20-28 

2 

30 

20-28 ' 

3 

0 

2210 

4 

0 

2300 

5 

0 

23-07 

6 

0 

23-06 

7 

30 

23-05 

'  Coal  firod  at  this  point. 

The  rise  in  temperature  ia  23'07 -20-28  =  2-79.  To 
this  must  be  added  the  correction  of  23'07  — 23'06  = 
0"02  for  cooling  during  a  period  of  two  minutes  from  the 
time  of  reaching  the  maximum  temperature.  Total  riao 
=  2°*81.  Water  in  calorimeter  =  2200  grammes.  Water 
equivalent  of  colorimetei  =  481. 

Calorific  power  =  (2200  +  481)  x  2*81  =  7533'6  caloriea. 
Evaporative  power  =  7533*6 -r 537  =  1403. 
For  more  exact  purposes  it  is  neceasarj  to  introduce 
further  very  small  correctione.  The  small  amount  of 
nitrio  acid  formed  by  the  combustion  is  determined  by 
rinsing  out  the  bomb  after  the  experiment,  and  making 
a  titration  of  the  acid  solution.  The  iron  wire  is  weighed 
before  adjustment,  and  its  heat  of  combustion  allowed 
for.    The  calorific  power  is  then  given  by  the  expreaion  . 

d  (Tr+Tr)-{0-23»i+l-6/) 
where 

d  =  the  corrected  rise  in  temperature  in  degrees  C. 


I 


W=  weight  of  water  in  calorimeter  in  grammes. 
W  =  water  equivalent  of  calorimeter  in  grammes. 
n  —  weight  of  nitric  acid  formed  in  grammes. 
/=  weight  of  iron  wire  naed  in  grammes. 
The  conatantB  0-23  and  1'6  are  respectively  the  heat 
of  formation  of  one  gramme  of  dilate  nitric  acid,  and  the 
heat  of  combustion  of  1  gramme  of  iron. 

The  water  equivalent  of  the  calorimeter  is  determined 
by  burning  a  definite  weight  of  some  pure  substance 
sufh  as  naphthalene,  whose  heat  of  combustion  is  known, 
□sing  different  weights  of  water  in  the  calorimeter. 


Thboeeticai,  Calculation  of  thk  Calobihc  Poweb  amd 
IsTENSiiy  OF  Phodoceb  Gas  prom  its  Volumetkic 
Analysis. 

Convert  the  percentage  compoaition  by  volume  into 
percentage  compoaition  by  weight.    Example — 

Let  the  percentage  composition  of  a  gas  by  volume  be 
fl"  Hydrogen  15l 

00  Carbonic  oxide  17 1 
0M^  Marsh  gas  ^  [  %  ^J  volume. 

OO3  Carbonic  acid     6 
N  Nitrogen  55J 

First  find  the  weight  in  grammes  of  each  constituent 
in  100  oc.  of  the  gas  at  0°  and  760  mm.  pressure. 

Data. 
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1000 
lTxl'tf44 

IT  00.  CO -^^-^^^^^oimnM     „     00- 

7x0*7168 
T  ce.  CH.  ■     m^     «O-O0M17g      „      CH«, 

eoc.  Oi  ■ — ugQ — >01ll]ttTl       M       Ot)i- 

660C.  jr  =^^^=-qioo8Mo     „     jr. 

100oo.olfM«0*and 700mm.  «O-10660M| 


& 


Xbywtlglit 
1<MH. 


0-OOMUxH 

■nuuMs 
0*106SQM 

O^OttOM  ■    »«C0. 
0-80176  a^^» 

0*1068066  •      *'"  *^**- 
1*18871  ,  _--  ^^ 


6*80080 
0-1065066 


=    68*68  JT. 


100-00 


The  caloulation  is  then  made  as  in  the  case  of  the 
following  example  of  coal^  only  in  the  present  instance 
the  volume  of  nitrogen  in  the  gas  most  be  incladed  with 
that  introduced  from  the  air.  The  following  additional 
data  will  also  be  required. 


Calorlflc  PowMv. 

Metric  UniU. 

Britiah  CaiU. 

CO 

2403 

4325 

CHt 

13063 

23513 
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TBBOBETICAI,  CONStDKBATIONS. 
of  ths  following  Iwta  wlU  nnlal  to  renilec  t 


file  Itmperalure  e/  a  mau  tipiali  lAn  numliti  nf  tmiiMf  Aral  unifi  in  it  rffaiilBl 
btf  Uu  prudiict  fiS  Ut  Vfighl  mulUplird  bj/  ia  tptfifie  Aw>r, 

Tliui  If  (Jie  WSl  aenillile  nnlts  pre«nl  In  blie  proilncta  of  conibiuUini  coulil  b« 
n.liii>rb«il  (wUhout  glrlng  up  the  lUi  lnwnt  anlta  alwi  pnMnl)  inlo  1  gnunine  ol  a 


oX  ia  li'OasT  granimfii  i  uiil  th 


B  tt, 


O'Sise)  hiu  to  he  lUHtributsd  §i 


or  caIorlflclnUnBilr  = 


'  (12883?  n  0-Mse)  ~  B-oni 


=Sefl3-  lU  before. 


NOTE. 
nnpomturM  thai  calcalatAil  glTs 
iiuiiilvnibt]r  In  excen  of  the  Umpei 
a  Ibe  f«t  that  the  calcDliUlalu 


inlf  Cbs  compuBtlTs  nJon  a) 
'nwl  in  practice.  ThU 

bucd  upoa  Ibree  ei 


-It  I*  aiunnifld  thxt  onl;  sufficient  ait  enlen  &  fDmui 
bualluii.  whereas  In  piarUva  that  UQteting  the  dm  in 
icqalrad  thearetically,  and  tlie  Tulablu  aurpliu  ol 
of  beat  dependent  upon  lU  weight. 

■It  la  annmed  that  tiie  apeciBe  heat  ef  the  prodneUa  oi 
as  at  tJio  ordinary  tempenture.  wherea 
heat  Incraaioa  with  Uie  tumpenitDre.  t 
talned  at  [araace  heati. 


n  that  their  capadty  lor 


EXPRKSBION  OP  KEaULTS  IN  BBITISB  UNTre. 
Ul  calcnlatloiu  In  British  anils  (lbs.  ol  « 


In  theCaloriacpDw 


CALORIFIC  POWEES. 
^Insun    .      ..    tssait    tm\*a^  Ibi.  nl  water  raised  1*  P.  by  the  ee 

....     I«Mt  1  Id  oiy)n<fi  of  1  Ifa.  of  mkI]  element. 

iteatOeat  of  tlteuuiMTiinlU+iUILiriapHiac  tiaat  from  3f  to  Uf  =  «eT -f 
ISO  t  =  W7  +  M  unlU  =  luet  Dnita,    This  niirabet  multiplied  by  lutal 
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ATOMIC  WEIOHTS  OF  THE  MORE  IMPOBTABT 

ELEMENTS. 

(Staled  Ui  the  uearesC  first  dadmal. ) 


BlMMOt.            SrnboL 

AUnnte 

WBlght. 

.,„„.. 

armboL 

-rf^i. 

Aluminiuin  ... 

Al 

27-3 

Mercnry       _ 
Molybdenum 
NiciHum 

& 

t09-S 

Antimony    ... 

8b 

122-0 

9S-S 

Aracnio 

A> 

7* -9 

m 

941) 

Buiam 

Ba 

lai'S 

Nickel 

Ni 

08 -a 

fiismnth      ... 

m 

210-0 

1/ 

14-0 

Bonm    

B 

11-0 

PaUadlnm    ... 

0 

16-0 

Bromine      ... 

Br 

79-6 

Pd 

106  2 

Cadmium     ... 

Cd 

iii-e 

Phosphorus,.. 

P 

31-0 

Calcium       ... 

On 

399 

PlHlinura       ,, 

Pt 

106-7 

Cwboa 

C 

12-0 

K 

30-0 

Chlorine      ... 

a 

36-4 

Khodiuin      ... 

BA 

104-1 

Or 

63-2 

Spleninm      ... 

Se 

79-0 

Cohfclt 

Co 

58-6 

SUver    

Aa 

107-7 

Copper 

Cu 

63-1 

Silicon 

Si 

28-0 

Flaorine 

F 

ie-1 

Sodium 

Na 

23-0 

fJold      

A« 

196-a 

StronHnm    .-. 

Sr 

87-2 

Hydrogen    ... 

H 

1-0 

Sulphur        ... 

S 

32  0 

odiae 

I 

126-6 

Tantalum     ... 

Ta 

183-0 

Iridiom 

/r 

192-7 

Tin 

Sn 

117-8 

Ft 

Sfifl 

Titanium     ... 

Ti 

48-0 

i!^  ": 

Pb 

206  4 

TungHton     ... 

W 

183-6 

Lithinm 

Li 

7-0 

VnSiatu      ... 

V 

240-0 

Mngnedum... 

Mg 

23-9 

V 

S)-3 

Mn 

M-8 

Zinc      

Zn 

M-9 

f 

££ 

■ 

\ 

1 
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TABLE  OF  THE  PEECENTAaES  OF  ELEMENTS       | 

OE  COMPOCNIIS  m  THE  PRECIPITATES. 

Element  or 
t>>m[«iuiil 

AlPO, 

Al 

2218 

AtPO. 

AL,0, 

53  OO 

B,^0, 

S 

13-75 

BoSO, 

Cab 

34-35 

C<^0, 

41-20 

CO, 

C 

27-27 

Cr,0, 

Or 

68-48 

c,,e,o„ 

Or 

42-48 

cififdk). 

Cr,0, 

60-95 

a.' 

52-1 

K.,0, 

Ft 

70-00 

M,ra,,o, 

Aa 

48-30 

M,,A,.ft, 

Am.O. 

74-20 

M3,P,0, 

UjO 

36-04 

il,^,0. 

P 

2793 

Mg,P,0, 

&„"■ 

63-96 

"',0, 

72-05 

<o; 

MnO 

93-01 

Moljbdic  jpllow  ppt. 

P 

1-65 

Molybdic  yellow  ppt. 

PA 

S-76 

mo 

Si 

78-56 

FbMoO, 

Pb 

56-40 

PbSO, 

Pb 

68-32 

nuM, 

Mo 

26-16 

PlM,.0, 

P 

0-7 

PbUoO^ 

P.O. 

1-61 

iPb.VMyPbO 

V 

13-8 

SiO, 

Si 

46-67 

no. 

Ti 

60-00 

K. 

V 

56-19 

W 

79-31 

V...                          1        S« 

78-7 

1        Si 

88-40 

1    «» 

42-55 

1 

J 
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TABLE  OF  KACTORS. 


WeiK 

ht  of  Fr  multiplied  bj 

1-2857  =  FtO 

Fe 

1-428S  =  Fe^O, 

,        Or 

1-4600  =  CV.O. 

,        Mn 

l-290fl  =  MM 

.        Mn 

1-5818  =  Jtf»0, 

.        Jtfn.O,    „ 

0-9300  =  MnO 

,        ft.0 

17846  =  CnCO, 

,        MgO        .. 

2-2150  =  Mgm, 

RisoN  OF  Enomsh  and  Mbtric  Weights  and  Mba 

WtighU. 

1  gramme 

=   15-43234S  gr^n. 

iRfiin 

=     0064792  granxnes. 

1  iw.  troy 

=  311M49egriui 

mM  or  480-0  grune. 

1  01!.  avoir 

=  '2i4-34S640  grammes  or  437-5  gmillfl. 

Li'KfU  Mfnmrrv, 
1  inc^h  =  26-30954  millimetres, 

I  iiiillimotrc     =     003937079  inch. 

S'pmrr  MeatHre, 
1  sqaore  inch  =  B4S-1366B  tHiuare  millimetres. 
1  aqvuu-e  Dim.  =       0*001300059  sqanre  inch. 

Ciifiif  Mrasvre. 
Ico.  =        0-0ei0270734  cubic  inches. 

1  cubic  inch      =       16-386  cubic  centiraetreH. 
1  CG.  =         0-0362754  BniJ  ounce. 

1000  oc.  =        1-76077  pints  or  0-2200967  gallon. 

1  gallon  =  4643-468  cc 

To  oonvert  grommee  per  litre  into  grains  per  gallDD  multiply  by  70. 

Convtrtion  tff  TTierTnomcttr  Scaiis. 
To  convert  degrees  Centigr&ile  inb>  degrees  Fahrenheit 


s  Fnhrenheit  into  degrees  Centigrnde 
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Determination  of  Nitrogen  in  Steel. 

The  Authors  are  indebted  to  Mr.  A.  Grabs  for  the 
Following  description  of  the  method  employed  by  him 
for  the  determination  of  nitrogen  in  steel. 

Disaolve  15  grammes  of  potassiam  hydrate  (or  10 
grammes  of  sodiom  hydrate)  in  about  300  cc.  of  water, 
contained  ia  a  fliisk  of  about  700  co.  capacity.  The 
flask  is  fitted  with  a  doable-bored  stopper,  in  which  are 
inserted  a  tap  fannel  and  an  exit  tube  for  carrying  the 
vapours  into  a  Liebig's  condenser.  Add  a  little  pow- 
dered graphite  previously  treated  with  atrong  hydro- 
chloric acid,  and  boil  until  a  sample  of  the  distillate  gives 
no  colour  with  Nesaler's  re-agent.  (The  graphite  pre- 
vents violent  bumping.)  During  this  preliminary  boiling, 
1  gramme  of  the  sample  drillings  is  dissolved  in  20  cc. 

hydrochloric  acid  (equal  parts  strong  acid  and  water). 

le  ferrous  chloride  solution  ia  cautiously  added  to  the 
hot  alkaline  liquid  in  the  flask  through  the  tap  funnel, 
and  the  distillation  is  continued  until  all  the  ammonia  is 
driven  over.  The  distillate  is  conveniently  collected  in 
200  cc.  graduated  stoppered  glasB  cylinders.  After  add- 
ing 2  cc.  of  the  Nessler  re-agent,  a  suitable  volume  of 
standard  solution  containing  0'0381  gramme  ammonium 
chloride  per  litre  (I  cc,  =0'00001  gramme  nitrogen)  is 
poured  into  a  similar  cylinder  and  treated  vrith  2  cc.  of 
the  re-agent.  The  two  solutions  are  dilated  so  as  to  show 
the  same  depth  of  colour  and  the  percentage  of  nitrogen 
calculated  from  the  volumes. 

A  blank  determination  is  conducted  as  follows.  15 
grammes  of  potash  or  10  grammes  of  soda  are  dissolved 
in  300  ec.  of  water,  and  after  adding  graphite,  the  solu- 
tion ia  boiled  until  all  ammonia  is  expelled  and  half  the 


I 
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liquid  has  paaaed  over.  To  tkia  solntioQ  is  added  the 
residue  of  ferrous  hydrate  from  a  previous  determinatjioD, 
which  is  consequently  free  from  ammonia  and  nitrate. 
The  distillation  ia  continued  until  the  distillate  shows  no 
colour  with  Nessler's  re-agent,  which  ia  generally  the 
case  when  about  50  cc,  have  passed  over.  In  this  distil- 
late the  nitrogen  ia  determined  as  before.  This  nitrogen 
ia  due  to  the  nitrite  contaiued  in  the  alkali,  graphite, 
and  300  cc.  of  water.  20  cc.  of  the  acid  used  are  then 
added  and  the  distillation  continued.  The  ammonia  ob- 
tained is  due  to  ammonia  and  nitrite  in  the  acid.  The 
contents  of  the  flask  are  then  boiled  nearly  to  dryness, 
and  the  last  distillate  tested  with  Nesslen.  If  colour  is 
obtained,  this  is  an  indication  of  nitrates  in  the  alkali  or 
acid  ueed. 

If  the  blank  test  shows  any  conaiderable  amount  of 
nitrogen,  the  alkali  must  be  purified  by  Langley's  method 
as  follows.  300  grammes  oi  the  alkali  are  dissolved  in 
500  cc,  water,  and  the  solution  poured  into  a  flask  in 
which  are  laid  strips  of  ainc  plate,  on  which  copper  haa 
been  precipitated  by  immersing  them  for  10  minutes  in 
1  solution  of  copper  sulphate. 
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